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1.0 INTRODUCTION AND BACKGROUND INFORMATION

This report presents the Work Plan for the design of a cap at the McAllister Point

Landfill site at the Naval Education and Training Center (NETC) in Middletown, Rhode Island.

TRC Environmental COIporation of Windsor, Connecticut is perfonning these services for the

U.S. Department of the Navy, Installation Restoration Program through the Northern Division

of the Naval Facilities Engineering Command under Contract N62472-86-C-1282. The decision

to cap the site is described in a July 30, 1993 Proposed Plan.
\

The design of a cap for the landfill is considered a source control measure which

provides containment and isolation of the landfill contents, the control of leachate generation as

a result of infIltration, and the protection against surface erosion and landfill gas migration. The

cap addresses the principal threats to human health and the environment posed by the site and

is intended to be a pennanent source control remedy for the site. Management of contaminant

migration at the site will be evaluated by conducting a Phase II Remedial Investigation (RI) and

by conducting a leachate generation and migration model study and by conducting an ecological

risk assessment of the model study results. Major components of the landfill cap include:

• Capping of the landfill with a RCRA Subtitle C multi-layer cap.
• Shore protection to prevent cap damage from wave action and

stonn surge events cap.
• Landfill gas controls to manage landfill gas migration.
• Surface controls to minimize erosion and manage runoff.
• Use of fencing to control site access.

This document presents infonnation pertaining to fIeld exploration and design activities

required to support the development and design of a cap. In addition the work plan outlines

tasks to be conducted during and/or following the design activities. It is organized in the

following manner.

Chapter
1.0
2.0
3.0
4.0

5.0
6.0

Contents
Introduction and Background Infonnation
Sampling and Analysis Plan
Health and Safety Plan
Evaluation of Applicable or Relevant and
Appropriate Requirements (ARARs)
Pre-Design Quality Assurance/Quality Control Plan
Initial Draft Construction QA/QC Project Plan
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1.1 OBJECTIVES

The objective of this Work Plan is to defme the work tasks necessary to design a cover

system for the McAllister Point Landfill at NETC. The objective of the pre-design field

sampling activities are to gather sufficient information on the nature of site geotechnical and

landfill gas conditions to allow adequate consideration of these issues during the design of a cap

for the site. The following project submittals are anticipated:

• Soil Boring ~eport for Landfill and Utilities
• Landfill Gas Summary Report
• Sediment Sampling Summary Report
• Leachate Generation, Fate and Transport Summary Report
• Leachate Ecological Assessment Report
• Draft and Final Landfill Cap Alternatives Summary Reports
• Plans, Specifications and Bid Documents
• Response to Review Comments

Each of the anticipated project submittals are described further in Section 2.0 of this

report.

1.2 SITE DESCRIPTION

The McAllister Point Landfill is located within the Naval Education and Training Center

(NETC) at the Newport Naval Base. The Newport Naval Base encompasses approximately six

miles of the western shore of Aquidneck Island, Newport County, Rhode Island. Aquidneck

Island is comprised of three towns; Newport, Middletown, and Portsmouth. The location of the

Newport Naval Base is shown on Figure 1. The NETC serves as a training facility and provides

logistic support for the Newport Naval Base. The NETC occupies approximately 1,063 acres

of land. The location of the McAllister Point Landfill within the.Newport Naval Base is shown

on Figure 2.

The McAllister Point Landfill occupies approximately 11.5 acres between Defense

Highway and Narragansett Bay. A site plan/topographic map is provided as Figure 3. The

Penn Central Railroad tracks run in a north-south direction along the eastern side of the site,
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parallel to Defense Highway. Access to the site is from Defense Highway, across the railroad

tracks, and through a gate in the south-central portion of the site.

Grass, weeds, and small trees cover most of the site. A small, lightly wooded area is

present in the north-central portion of the site. A more mature wooded area is located near the

northeastern edge of the site between the railroad tracks and Defense Highway. Several

depressions are present in the central portion of the site where standing water collects during

heavy precipitation events. A wetlands evaluation summary has been conducted at the site and

is available within the Administrative Record. The Flood Insurance Rate Map (FEMA, 1984)

which covers the site and surrounding area indicates the shoreline of the site lies within the 100

year coastal flood area. The western edge of the site along Naragansett Bay is a coastal bank

that rises 10 to 15 feet above Mean Low Water. The areas of 100-year coastal flood in the

vicinity of the site is 12 feet, and wave action may reach 17 feet. At high tide the beach is only

about 10 feet in width while at low tide it may be as much as 50 feet wide. Metal debris and

concrete rubble are present along the shoreline of the landfill. The presence of the concrete

rubble and debris appears to have decreased the potential for erosion of the shoreline landfill

slopes.

1.3 SITE mSTORY

The McAllister Point area of NETC was used as the site of a sanitary landfill from the

mid 1950's until the mid-1970s. During this time the landfill was used for the disposal of

wastes generated at the naval complex including wastes from all operational areas (machine

shops, ship repair, Naval Underwater Systems Center (NUSC), etc.), Navy housing areas

(domestic refuse), and from the 55 ships homeported at NeWport prior to 1973 (approximately

fourteen 40-cubic yard containers each day). The materials reportedly disposed of at the site

included domestic refuse, spent acids, paints, solvents, waste oils (diesel, lubrication, and fuel),

and PCB-contaminated transformer oil.

A review of historic aerial photos identifies a railroad spur entering the site near the

current entrance and running north into the center of the site in 1938, and large open depressions

and what appear to be material storage areas and tanks in the 1940s and 1950s. From 1965
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through 1975, the shoreline of the central portion of the site changes shape, indicating filling of

Narragansett Bay in this area.

During the period 1955 through 1964, wastes were trucked to the site, spread with a

bulldozer, and covered. In 1965, an incinerator was built at the landfill. From 1965 through

1970-71, approximately 98 percent of all the wastes were burned before being disposed of in the

landfill. The incinerator was closed around 1970 as a result of air pollution concerns. During

the remaining years that the site was operational, wastes were again disposed of directly into the

landfill.

Following the closure of the landfill at McAllister Point, a three-foot-thick covering of

clay/silt was reportedly placed over the site. Current observations confIrm the presence of a

clay/silt material over portions of ,the landfill, although it is not continuous over the whole

landfill area. Since the closure of the landfill, the site has remained inactive. In November

1989, the entire NETC was listed on the U.S. EPA's National Priorities List (NFL) of

abandoned or uncontrolled hazardous waste sites.

1.4 PREVIOUS ENVIRONMENTAL INVESTIGATIONS

The nature and extent of contamination at the McAllister Point Landfill has been

identifIed on the basis of the following site investigations:

• Initial Assessment and ConfIrmation Studies
• U.S. Army Corps of Engineers Study
• Phase I Remedial Investigation, and
• Planned Phase IT Remedial Investigation.

Each of these investigations are summarized below.

1.4.1 Initial Assessment and ConfIrmation Studies

An Initial Assessment Study (lAS) was conducted at the site in 1983. The lAS

(Envirodyne Engineers, 1983) identifIed sites at the NETC where contamination was suspected

to exist and which may pose a threat to human health or the environment. Based upon historic

use of the site as a landfill and the potential contaminant migration pathways at the site, the
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McAllister Point Landfill was identified as an area of potential concern requiring further

investigation (e.g., a Confmnation Study).

The Confmnation Study (Loureiro Engineering Associates, 1986), conducted on the site

from 1984 to 1985, consisted of two phases, the Verification and Characterization Steps. During

the Verification Step, seven sediment and mussel samples were collected from Narragansett Bay

(including two background samples), two leachate samples were collected from the base of the

landfill slope near Narragansett Bay, and one composite soil sample was collected from surface

soils across the central portion of the site. During the Characterization Step of the Confmnation

Study, an additional seven sediment samples were collected, two verifying the results at previous

sampling locations and the remaining samples extending the area of sampling to the south and

into the bay to the southwest of the site. Three mussels samples were also collected in the

intertidal zone along the southwestern shore of the site. Three monitoring wells were installed

on-site (MW-21, MW-22, and MW-23). These wells were each sampled on four ?ccasions as

part of Characterization Step investigations.

Analysis of the composite surface soil sample indicated that low levels of inorganic

contaminants may be associated with the landfill cap material. Leachate spring samples from

the western edge of the landfill exhibited cadmium, chromium, and cyanide, generally at

concentrations less than 100 parts per billion (Ppb). Ethylbenzene (30 ppb) and toluene (26 ppb)

were also detected in one leachate sample. The sediment samples indicated the presence of

inorganic contaminants in samples collected adjacent to the site, especially near the southern end

of the landfill, with levels decreasing with increased distance from the site. Inorganics were also

present in mussel samples. Polychlorinated biphenyls (PCBs), which were detected in mussel

samples but not in sediment samples, did not appear to be site-related on the basis of the

detection of levels in the control (background) mussel samples (0.36 and 0.37 p.g/g) which were

similar to near-site levels (non-detectable to 0.38 p.g/g). Site ground water samples exhibited

elevated levels of metals. The analytical results from the sampling are provided in the

Confmnation Study Final Report (Loureiro Engineering Associates, 1986).

In summary, the Confmnation Study verified the presence of inorganics in site soil,

heavy metals and volatile organic compounds (VOCs) in leachate, and elevated concentrations
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of inorganic contaminants in sediment, mussel, and groundwater samples collected at, or near,

. the site.

1.4.2 u.s. Army Corps of Engineers Study

In early March 1988, the Water Quality Laboratory Engineering Division of the u.S.

Army Corps of Engineers (ACOE) collected a series of six sediment and mussel samples in

Narragansett Bay near the McAllister Point Landfill. A seventh set of samples was collected

at a location approximately 300 feet north of the site as a control sample. The sediment samples

were analyzed for total petroleum hydrocarbons (TPH) , PCBs, and six metals (cadmium,

chromium, copper, nickel, lead, and zinc). The mussel samples were also analyzed for the same

six metals. The sediment sample results indicated the presence of TPH at concentrations from

30 parts per million (ppm) to 1,100 ppm, PCBs from 0.01 ppm to 20.3 ppm, and the presence

of elevated levels of metals. Concentrations in sediment samples collected adjacent to the

landfill were generally at least one order of magnitude greater than concentrations in the control

sample. Copper, chromium, zinc and PCBs were detected in some of the mussel samples at

concentrations greater than were detected in the control sample.

In summary, the ACOE study conftrmed the presence of elevated levels of metals in

sediment and mussel samples near the site. In addition, elevated concentrations of TPH, PCBs

were reported in sediment and mussel samples collected near the site.

1.4.3 Phase I Remedial Investigation

A Remedial Investigation (RI) was conducted at the site between 1989 to 1990 (phase I

RI). This investigation included site geophysical surveys and surface soil, subsurface soil,

leachate and ground water sampling and analysis. It should be noted that surface soil sample

locations were limited to portions of the site in which the clay/silt cap material was not present.

The fmdings of the Phase I RI are summarized below.
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Soil Assessment

A wide range of compounds including VOCs, base neutral/acid extractable organic

compounds (BNAs) (including polynuclear aromatic hydrocarbons (PAHs)), pesticides, PCBs,

and inorganics were detected in on-site soils.

The major areas of the site where soil contaminants were detected at elevated levels

include the following:

• Northern area - Carcinogenic PAHs;
• North-central area - BNAs, carcinogenic PAHs, and inorganics;
• Central landfill area - VOCs, BNAs, PCBs and inorganics;
• South of access road - BNAs, carcinogenic PAHs, and inorganics; and
• Shoreline - BNAs, carcinogenic PAHs, and inorganics.

Soil- Volatile Organic Compounds NOCs) - 1,1 , I-Trichloroethane (1,1,1-TCA) was the

only VOC detected in surface soil samples. This compound was detected at low levels (less than

12 parts per billion or [Ppb]). VOCs detected in subsurface soils included 1,2-dichloroethene,

1,1,1-TCA, trichloroethene, benzene, tetrachloroethene, toluene, chlorobenzene, ethylbenzene,

and xylene. In general, significant VOC contamination (Le., greater than 1 ppm total VOCs)

was detected in soils and fill in the central portion of the landfill area. However, VOC

concentrations were not co~sistent1y elevated throughout the depth of the soil horizons sampled.

Soil - Base Neutral!Acid Extractables (BNAs) - The highest concentrations of total BNAs

(greater than 100 ppm) were detected in four subsurface soil samples and two surface soil

samples in the central and southern portions of the site at concentrations ranging from 194 ppm

to 1,943 ppm. The highest total PAH concentrations (greater than 50 ppm) and carcinogenic

PAH concentrations (22 ppm to 256 ppm) were detected in samples collected from the southern

and northern ends of the landfill.
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Soil- Pesticides/PCBs - The pesticides detected most frequently in site soils included 4,4

DDE, 4,4-DDD, and 4,4-DDT. The other pesticides detected, beta-BHC, aldrin, dieldrin, and

alpha-chlordane, were each detected in only one sample. The highest pesticide concentrations

were detected in surface soil (4,4-DDT at 1,800 ppb) at the southernmost end of the site, and

subsurface soil (4,4-DDT at 2,300 ppb) in the central portion of the site.

PCBs are primarily present in the subsurface soils across the central part of the site, with

nearly half (50 %) of the sample locations containing detectable levels of PCBs. Some of the

highest levels (> 0.2 ppm) of PCBs detected at the site were detected in soil samples collected

from the 22- to 24-foot interval. Four PCB Aroclors (Aroclor-1242, -1248, -1254, and -1260)

were detected in at least one sample, with a maximum detected total PCB concentration of 1.1

ppm.

Soil - Inorganics - Inorganics levels in the site soil samples were compared to background

inorganics levels, as defmed by the analyses of two background surface soil samples collected

east of Defense Highway. Based on this comparison, elevated concentrations of antimony,

arsenic, barium, cadmium, calcium, chromium, cobalt, copper, lead, manganese, magnesium,

nickel, silver, vanadium, and zinc are present on-site. Lead was particularly elevated (1,980

ppm) at one surface soil sample near the central portion of the landfill shoreline.

Ground Water Assessment

During the Phase I RI a total of nine ground water monitoring wells were installed across

the site. Well locations are shown on Figure 3. Ground water samples were collected from all

of the wells except MW-2, which was dry at the time of sampling. Three existing wells (MW

21, MW-22, and MW-23) and one leachate location (LS-l) were also sampled. A summary of

site ground water quality is presented below. For the purpose of the Phase I RI, ground water

contaminant levels were compared to existing federal and state ~ction levels, including fmal,

proposed, and tentative maximum contaminant levels (MCLs).
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VOCs, BNAs, PCBs and inorganics were all detected in ground water samples. The

major areas of the site where contaminants were detected at levels exceeding action levels

include the following:

• Northern area - inorganics;
• North-central area - inorganics;
• Central landfill area - VOCs, and inorganics; and
• South of access road - VOCs, PCBs, and inorganics.

Ground water sample results indicated the presence of low level VOC contamination in

the central and southern portions of the site, consist~g mostly of aromatic VOCs (e.g., xylene

and benzene). Low concentrations (1 to 160 ppb) of VOCs were detected in five of the ten on

site wells (MW-3S, MW-3D, MW-4, MW-5S, and MW-21). VOCs were also detected in soil

boring samples collected at the depth of the water table from the north-central to southern

portions of the site, indicating the potential for ground water contamination throughout this area.

A thin oil layer was observed in one well (MW-5S) in the southern portion of the site five

months after it was sampled.

BNAs were detected in three wells located in the central and southern portions of the site.

The BNAs detected consisted primarily of PAHs and phenols. The highest level of total PAHs

was 407 ppb at well MW-3S in the central portion of the site.

No pesticides were detected in ground water samples. A PCB concentration of 0.73 ppb

was detected in the well in the southern portion of the site (MW-5S) in which a thin oil layer

was subsequently observed.

The inorganic ground water sample results indicate the presence of numerous inorganic

analytes in the ground water samples collected at the site. Inorganics were detected in each of

the twelve wells sampled and in the leachate sample.

Additional information on the Phase I RI may be found within the RI Technical Report

(TRC, 1991).
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1.4.4 Planned Phase IT Remedial Investigations

A Phase IT RI will be conducted at the McAllister Point Landfill to further characterize

the site and achieve the following objectives:

• DefIDe background soil and ground water quality;

• Further defIDe the nature and extent of site surface soil contamination;

• Further defIDe the nature and extent of the fill material and any associated
contamination;

• Further defIDe the nature and extent of ground water contamination and the
location of "hot spot" sources of ground water contamination;

• Determine the nature and extent of sediment and biota contamination in the
adjacent bay.

The investigations will ~clude the performance of geophysical surveys to further defIDe

the extent of the landfill area and to characterize bedrock topography beneath the site, a soil gas

survey to further investigate subsurface areas of elevated VOC contamination in the central and

southern portions of the site, and surface and subsurface soil, ground water and leachate

sampling. An off-shore investigation involving the sampling of sediments and, ifpresent, clams

and mussels, and an ecological survey of marine fauna within the bay will also be conducted.

1.5 PRELIMINARY HUMAN HEALTH ASSESSMENT

A human health evaluation was conducted for the McAllister Point Landfill site on the

basis of Phase I RI fIDdings. The exposure scenarios considered in the human health evaluation

of the site included both current use and potential future site use scenarios, as listed:

• Trespassing Scenario (Scenario 1) - Exposure of trespassing children from 9 to
18 years of age to site surface soils through dermal contact and incidental
ingestion.

• Recreational Use Scenario (Scenario 2) - Exposure of children from 6 to 18
years of age (due to development of the site as a ballfield) to site surface soils
through dermal contact and incidental ingestion.
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• Construction Scenario (Scenario 3) - Exposure of adult construction workers for
a period of one year to subsurface soils through inhalation, dennal contact and
incidental ingestion.

• CommercialJIndustrial Use Scenario (Scenario 4) - Exposure of adult
employees through commercial/industrial use of the site to surface soils through
incidental ingestion and dennal contact and to ground water through ingestion.

• Residential Use Scenario (Scenario 5) - Exposure of children from 0 to 6 years
of age and adults (30-year period) to surface soil through dennal contact and
incidental ingestion of soillhouse dust and inhalation of particulates, and to
ground water through dennal contact, ingestion and inhalation of volatiles.

Human health risks potentially associated with the site, which may include risks of cancer

or non-cancerous (systemic) effects, were evaluated. Both average-case (based on the geometric

mean of the on-site data) and maximum (based on the highest detected on-site concentration)

risks were calculated. Cancer risk levels, the lifetime incremental probabilities of excess cancer

due to exposure to the site contaminants, were estimated, taking into account exposure

concentrations and the carcinogenic potencies of the chemicals. The cancer risk estimates are

presented in scientific notation, where a lifetime risk of 1 x lQ4 represents a lifetime risk of one

in ten thousand.

Health effects associated with exposures to non-carcinogenic chemicals were evaluated

using U.S. EPA Risk Reference Doses (RfDs). The associated chemical-specific risk was

quantified by the Hazard Index Ratio (HI), which is the ratio of the exposure dose to the RID.

The calculated cancer risks and non-cancer His were evaluated using available regulatory

guidance. The calculated risk is compared to the acceptable lifetime cancer risk range (1 x 1Q4

to 1 x 10-6
) for evaluating the need for remediation, as stated in 40 CFR Part 300 (EPA, 1990b).

EPA (1990b) considers a cancer risk of 1 x 10-6 as the point of departure for detennining risk

based remediation goals. For non-carcinogenic risks, a target HI of unity is used (Le., HI = 1).

When the total HI for an exposed individual or group of individuals exceeds unity, there may

be concern for potential non-cancer health effects. Thus, the cancer risk and HI ratios that

constitute a potential concern are those which are greater than 1 x lQ4 and unity (1),

respectively. Cancer risks which fall within the range of 1 x lQ4 to 1 x lQ-6 (referred to as

within the acceptable risk range) require further evaluation. The potential risks posed by the site
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in association with each scenario were evaluated, and the exposure pathway(s) driving the

calculated risks are summarized below:

• Trespassing Scenario (Scenario 1) - Total cancer risks fall within the acceptable
range; total His are acceptable (less than unity).

• Recreational Use Scenario (Scenario 2) - The maximum cancer risk value (1.3
x 10-4), slightly exceeds the acceptable risk range. The mean risk value and total
His are within acceptable values.

• Construction Scenario (Scenario 3) - The total cancer risk range and the mean
In are within acceptable values. The maximum In (2.5) exceeded the acceptable
value. .

• Commercial/Industrial Use Scenario (Scenario 4) - The total cancer risks
(1.8 x 10-3 and 3.9 x 10-3

) and the His (1.8 and 13) exceed acceptable values.

• Residential Use Scenario (Scenario S) - The total cancer risks (ranging from
2.3 x 10-3 to 1.3 x 10-2

) and the His (ranging from 5 to 65) exceed acceptable
values for both children and adult receptors.

For Scenarios 1, 2, and 3, the major contributing factor to the calculation of cancer risk

is ingestion of carcinogenic PAHs in soil. The pathway of primary concern associated with

Scenarios 4 and 5 with respect to cancer risk is ingestion of ground water containing inorganics

(arsenic, beryllium) and carcinogenic PAHs. The primary contributor to the total His for

Scenarios 1, 2, and 3 is ingestion of inorganics in soil. Ingestion of inorganics (antimony,

arsenic, cadmium, chromium, copper, manganese, mercury and zinc) in ground water drives the

total His for Scenarios 4 and 5.

While current risks posed by site surface soils to potential trespassers fall within the

acceptable risk range of 1 x 1Q4. to 1 x 1Q-6, they exceed the point of departure risk level of

1 x 10-6. Existing conditions at the site may pose a potential risk to the environment as well,

due to the potential for contaminant migration via erosion, the continued generation of leachate

as a result of the infIltration ofprecipitation, and ground water flow towards the bay. Additional

assessment of site-related human health and environmental risks will be conducted as part of the

Phase IT RI. Placement of a cap over the landfill is intended to effectively eliminate exposure

to contaminated surface soils. In addition, the cap will reduce infIltration of precipitation into

waste material and thereby reduce leachate production.
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2.0 SAMPLING AND ANALYSIS PLAN

2.1 INTRODUCTION

The objective of the Sampling and Analysis portion of this Work Plan is to present the

scope of the field exploration activities to be conducted in support of the cap design at the

McAllister Point Landfill in Middletown, Rhode Island. The fmdings of these exploration

activities are intended to provide supportive documentation necessary to design a cap over the

site in accordance with the July 30, 1993 Proposed Plan. In addition, this section provides a

brief outline of the methods which will be used to evaluate data generated from pre-design

activities.

The scope and rationale for the site survey, subsurface exploration, landfill gas, sediment,

leachate generation fate and transport, leachate ecological risk assessment, and landfill cap

design activities are presented in Sections 2.2 through 2.8. A summary of the planned pre

design sampling and analysis activities is presented as Table 1.

2.2 SITE SURVEY

Following completion of pre-design exploration activities the site will be surveyed by a

State of Rhode Island registered surveyor. The physical site features along with the location

elevation, and coordinates of pre-design boring and sediment sampling locations will be defmed

by the survey. The physical site features will be reproduced on a topographic site plan (at a

scale of one inch equals 40 feet) with a one-foot contour interval from mean low water to the

Defense Highway. Cross sections of the project area will be surveyed at 100-foot intervals.

Wetlands flagging will be identified on the site topographic plan. In addition, three recoverable

points will be established at the landfill with set horizontal and vertical coordinates for

construction control purposes. All elevations will be referenced to mean sea level (MSL NGVD

1929) to the nearest 0.1 foot.
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2.3 SUBSURFACE EXPLORATIONS

A series of subsurface explorations will be performed prior to initiation of design

activities. These explorations are intended to provide data on the landfill fill and underlying

native soil conditions and to assess the potential impact landfill gasses may have on the cap.

Subsurface explorations planned at the landfill include the installation of four test borings, the

construction of three vapor extraction wells and the installation of nine vapor probes. Each of

these activities are described below.

2.3.1 Test Borings

A series of four test borings are planned at the site at the locations indicated on Figure

4. Boring locations have been selected to provide representative coverage of subsurface

conditions at the landfill. The purpose of these borings is threefold: to provide additional data

on the type and depth of landfill materials at the site; to allow collection of native soil samples

under the landfill for geotechnical testing; and to allow access for the installation of three vapor

extraction wells.

On-site drilling and vapor extraction well construction activities will be subcontracted to

a qualified well drilling ftrm. Test borings will be advanced using 4 1.4-inch minimum inside

diameter (1.0.) hollow-stem augers. The drilling activities will be conducted under the

supervision of a TRC geologist/engineer. During drilling, split spoon samples will be collected

at ftve foot depth intervals using a two 0.0 split-spoon sampler and standard penetration test

(SPl) procedures as set forth in ASTM 01586. One 3.5-inch 0.0. undisturbed thin-walled tube

sample (Shelby Tube) will be collected from each boring from soil underlying the fill material,

if compressible clay, silt, or organic sediments are encountered. Borings will be drilled to

approximately 25 feet (estimated depth to competent bedrock) below ground surface. However,

test borings will be terminated if auger refusal is encountered above 25 feet at a depth consistent

with the top of competent bedrock.

The purpose of the collection of split-spoon samples will be twofold; ftrst to defme

subsurface conditions in the area in which the vapor pilot test will be conducted, and secondly

to collect samples of native soil underlying the fill for geotechnical testing. The physical

characteristics of each soil/fill sample will be geologically logged and generally described by
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TRC personnel in a field notebook. General observations may include fill type, staining, odors,

oily soils, etc. Split spoon soil samples will be screened with an OVA and LEL immediately
- upon being opened. As indicated in Section 3.0, field screening for the presence of total VOCs

and the presence of explosive gasses as well as oxygen content will be conducted during the

drilling program.

Upon completion of the drilling program, one Shelby Tube soil sample per boring will

be selected for geotechnical testing. This sample will consist of soil which, based on physical

characteristics, appears to represent native soil underlying the fill and is amenable to collection

using a Shelby Tube piston sampler (e.g., a sample with high silt, clay, or organic matter). The

sample will be collected in such a manner as to minimize sample disturbance. Geotechnical

analysis of these samples is described in Section 2.3.3 below. It is anticipated that these samples

will be collected at or below the existing water table approximately 20 feet below ground

surface.

Following completion of the boring, a vapor extraction well will be installed in three of

the four test borings. The location of the vapor extraction wells is shown on Figure 4.

Procedures for the construction and installation of these extraction wells is summarized in

Appendix A. In general, each extraction well will be constructed of four-inch diameter PVC

pipe consisting of a slotted screen section and solid riser pipe. Based on the current

understanding of the fill thickness (3 to 24 feet) and average depth to ground water (about 20

feet), the screened interval will be established at approximately four to 17 feet below ground

surface in each extraction well. This interval has been selected to provide a broad cross section

of fill conditions, to be a minimum of two to three feet above the highest elevation of the water

table (when a vacuum is applied to the extraction well, the static water level will rise), and to

allow proper isolation of the screened interval from the ambient atmosphere.

Excess drill cuttings produced from the installation of the vapor extractio~ wells will be

drummed and handled as described in the Investigation Derived Waste Plan, presented herein

as Appendix B. Drill cuttings produced from the fourth test boring (where no well will be

installed) will be backfilled into that borehole at the completion of the drilling activities. The top

of this boring location will be backfilled level to the ground with a cement bentonite slurry, as

described in Appendix A.
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2.3.2 Vapor Probes

A series of nine vapor probes will be installed at the McAllister Point landfill. Three

probes will be installed around each vapor extraction well in the configurations indicated on

Figure 5. In general, the configurations shown are intended to provide infonnation on horizontal

changes in pressure and gas concentration around the central extraction well within each cluster.

Specifically, vapor probe configuration A is intended to provide data on the distance-related

.heterogeneity of subsurface fill material, configuration B the direction-related heterogeneity and

anisotropy, and configuration C a combination of both distance- and direction-related subsurface

anisotropy and heterogeneity.

Individual probes will be constructed in the manner described in Appendix. A. In

general, each probe will consist of a one-inch diameter slotted PVC screen attached to a flush

jointed riser pipe. Given the current understanding of site subsurface conditions described in

Section 2.3.1 above, the screened interval of the vapor probes will be set from approximately

ten to 15 feet below ground surface. Screening the vapor probes over this interval is intended

to provide infonnation on the average subsurface soil/fill air penneability and changes in landfill

gas concentrations over time. Collection of landfill gas samples from the vapor probes is

described in Section 2.4.1. .

2.3.3 Geotechnical Analyses

As described above a series of four soil samples will be collected from native soils

underlying the fill at the McAllister Point landfill. One sample per test boring will be collected

for quantitative analysis of the geotechnical tests described below.

Incremental Consolidation Test (ASTM D-243S)

This is a one-dimensional test used to assess the total anticipated compression of a fme-grained
soil under an applied load. This test provides data on the time rate of compression caused by
the gradual decrease in sample volume caused by squeezing of pore water from the sample.
Infonnation generated by this test will be used to assess the potential additional settlement of the
underlying soils which may be caused by the installation of a cap over the site.
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Triaxial Compression Test with Pore Pressure Measurements (ASTM D-478S)

This test measures the shear strength of soil. In the triaxial compression test a cylindrical
sample is confmed by a membrane and lateral pressure is applied to the sample. Pore water
drainage is controlled by tubing connected to the ends of the sample. This test allows for
measurements of pore water pressure and soil shear strength testing under a variety of loading
and drainage conditions. Information generated by this test will be used to assess potential slope
stability concerns due to increased loads on the landfill from the installation of the cap.

Organic Content (ASTM D-2974)

This test measures the concentration of organic matter within a sample by combustion
techniques. Data generated from this test may be used to assist in predicting contaminant
migration rates and general soil properties.

Combined Sieve and Hydrometer Analysis (ASTM D-422)

This test determines the grain-size distribution of a soil sample from coarse to fme grained soils.
Data generated from this test may be used to predict soil properties.

Atterburg Limits (ASTM D-4318)

This test is used to measure several physical properties of a soil such as liquid limit, plastic limit
and shrinkage limit. Data from these tests may be used to predict soil shrinkage and swell
characteristics as well as estimating the degree of sample preconsolidation. In addition, data
generated from this test may be used to predict soil properties.

Specific Gravity (ASTM D-854)

This test measures the density of a soil sample. Data generated from this test may be used to
predict soil properties.

The selection of samples to be submitted for laboratory analysis will be made by TRe
geologists/engineers based on field observations of soil conditions.
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2.4 LANDFILL GAS ASSESSMENT

Depending on the results of the landfill gas pilot testing described in Section 2.4.1 below,

a landfill gas management system may be incorporated' into design of the cap at the site. To

assess the need for landfill gas control systems at the site, if any, pilot testing will be conducted

on vapor extraction wells which will be installed within the landfill area. Data collected from

the testing would be used to assess landfill gas composition and potential generation rates. This

data would be evaluated to determine the need for, and possible options for landfill gas venting

or extraction systems. The construction and installation procedures to be used for landfill gas

extraction wells and vapor probes are described in Appendix A. Pilot scale testing procedures

and data evaluation and analysis techniques are outlined below.

2.4.1 Pilot Testing

Each of the three landfill gas monitoring networks (e.g. A, B, and C) will be pilot tested

to assess the potential impact subsurface landfill gasses may have on the air quality at the site

and on the physical composition and integrity of the cap structure. Additionally, the results of

the pilot testing will be used to design landfill gas controls, if needed.

Pilot testing will be initiated by the withdrawal of vapor from the landfill gas extraction

well. At the start of the test pressure and landfill gas quality measurements will be collected at

both the extraction well (through a sample port on the piping coming out of the well) and vapor

probe using the sampling techniques described in Appendix A. The extraction pump is turned

on and the test is started and measurements will be collected until such time as a steady state

flow condition is observed (e.g., no significant change in pressure or gas quality for at least a

ten minute period). The test will be terminated after steady state conditions are achieved.

Pressure and gas concentration data will be measured during system recovery until pre-extraction

conditions are achieved. Individual tests typically require several hours to set-up and complete

and consist of the following steps:

• A vacuum pump with a minimum air flow capacity of 55 scfm at
four inches of mercury is directly plumbed to the extraction well
using PVC piping outfitted with a pressure gage and gas sample
port.
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• The teflon tubing at individual vapor probes are connected to a
series of differential pressure gauges.

• The test is initiated by turning on the vacuum pump.
Measurements of pressure and landfill gas quality (total VOCs,
oxygen content and combustibility) are collected simultaneously
from the sample port on the extraction well process piping and
from the vapor probe.

• Measurements of time, pressure, temperature, flow rates and
landfill gas quality are recorded until no significant changes are
observed in any measurement for a period of at least ten minutes.

• The vacuum pump is turned off and measurements ofpressure and
landfill gas quality recovery are recorded until pre-pumping
conditions are achieved. At this point the pilot test is terminated.
If necessary, the test will be re-run to verify test data.

A series of eight landfill gas samples (including one ambient air blank sample) will be

collected from the vapor extraction wells and vapor probes using the methods described in

Appendix A. These samples will be analyzed for methane and volatile solvents using GCIMS

techniques by modified EPA TOl and T02 methodologies. The selection of gas samples for

quantitative laboratory analysis will be based on a number of factors including distribution of

sample points over the landfill, relative indication of contamination (field screening results), soil

boring observations, and time from initiation of the extraction test.

To ensure that vapors extracted from the landfill are not discharged directly to the

atmosphere at a loading rate exceeding allowable limits, a 55-gallon carbon canister may be

affixed to the effluent side of the vacuum pump. Effluent from the carbon canister will be

periodically monitored to assess discharge air quality. Following completion of the testing,

above ground equipment will be removed from the site. Spent carbon will be sampled and

characterized prior to disposal/regeneration. Carbon canisters will remain on-site during sample

analysis and selection of a regeneration/disposal facility.
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2.4.2 Data Analysis and Evaluation

Data generated from the pilot-scale testing and field and laboratory analysis of landfill

gas samples will be evaluated to determine the need for, and type of, gas control system to

incorporate within the design of the cap at the landfill. Data evaluation will include modeling

site data using HyperVentilate (V1.01 and V2.0) software. This software was developed by the

U.S. EPA and Shell Oil Company to:

• Identify and characterize site-specific data,
• Decide if soil venting is appropriate,
• Evaluate pilot-scale testing (air permeability) data,
• Calculate the minimum number of extraction wells needed, and
• Illustrate deviation of site conditions from an ideal case.

Data produced from the test boring and pilot-scale testing programs may be used as input

to the model to characterize site conditions. These data include: subsurface geologic and

hydrogeologic conditions, contaminant identification and delineation factors and temperature

conditions. While this model was developed to assess the general applicability and efficiency

of soil vapor extraction at a site, it will be used at the McAllister Point landfill to assess the

need for an active versus a passive gas control system, as necessary. Additional information on

the HyperVentilate Model is provided in Appendix C.
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2.5 SEDIMENT SAMPLING AND ANALYSIS

A series of six sediment samples will be collected from the shoreline of the McAllister

Point Landfill at the locations indicated on Figure 4. Sediment sampling procedures are

described in Appendix A.

2.5.1 Sediment Sampling

Considering the need to establish a ~table, protected slope along the Bay portion of the

landfill, it likely that sediment at the toe of the landfill slope may need to be excavated to place

shoreline protection features (e.g., stone armored revetment). Therefore, sediment samples will

be collected from the shoreline of the landfill to assess sediment quality consistent with RIDEM

guidelines for sediment characterization. A copy of these guidelines are provided in Appendix

D. In general, sediment samples will be collected as composite samples over a depth interval

consistent with the proposed sediment excavation depth of two to four feet below existing grade.

Depending on the results of the chemical analysis of the samples described in Section

.2.5.2 below, the excavated sediment will likely be placed on the top of the landfill, and then

subsequently covered with the cap.

2.5.2 Sediment Analyses

As indicated on Table 1 all six of the sediment samples will be quantitatively analyzed

for the following general quality parameters:

• Grain Size Distribution
• Moisture Content
• Total Solids
• Total Organic Carbon
• Specific Gravity
• Total Sulfides
• Ammonia
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In addition, a subset of four samples will be quantitatively analyzed for the following

toxic parameters:

• Full Toxicity Characteristic Leaching Procedure (TCLP) parameters
• Full Target Compound List (TCL) parameters
• Full Target Analyte List (TAL) parameters
• Total Petroleum Hydrocarbons
• Oil and Grease

Analytical methods are described in Section 5.0. In general, of the six general quality

sediment samples, four will be collected as vertical composite samples over the anticipated depth

of sediment excavation (two to four feet below existing ground surface). The remaining two

samples will be collected from the upper six inches of sediment. Each vertical composite sample

will be collected from a single location. Sediment samples which will be analyzed for toxic

parameters will be selected from the six samples based on field Gonsideration of sample

distribution, evidence of discoloration, odor, or unusual characteristics.

2.6 LEACHATE GENERATION FATE AND TRANSPORT ASSESSMENT

The objective of the capping action at the McAllister Point Landfill is to provide

containment and isolation of the landfill contents through the control of leachate generation as

a result of infiltration. Through this action, exposures to the landfill area will be limited and

continued migration of contamination leached from the waste materials located within the

unsaturated zone into the ground water will be minimized. To assess the reduction in leachate

generation which will be achieved by the placement of an impermeable cap over the landfill, a

leachate generation fate and transport assessment will be conducted. This assessment consists

of two basic components. An assessment of the volume of leachate generated following cap

placement and an assessment of the fate and transport of leachate and residual leachate which

will be produced following the capping action. Each of these components are described below.

The leachate generation fate and transport assessment will be conducted following the

completion of the collection of additional field and laboratory data for the planned Phase IT RI

program. The Phase IT RI program will supply the necessary additional soil, ground water, and
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hydrogeological parameters required as input for the assessment. This includes the collection

of the long-term tidal influence measurements for selected monitoring wells.

2.6.1 Leachate Generation Assessment

To evaluate the quantity of infIltration (therefore leachate generation) which may occur

following construction of the cap system, the cap system will be simulated using a nationally

recognized model, the Hydrologic Evaluation of Landfill Performance (HELP) computer

program. The HELP model was developed by the U.S. Army Corps of Engineers Waterways

Experiment Station for the U.S. EPA. This program is a quasi-two-dimensional hydrologic

model of water movement across, into, through and out of landfills. The model accepts

climatologic, soil and design data and utilizes a solution technique that accounts for the effects

of surface storage, runoff, infIltration, percolation, evapotranspiration, soil moisture storage,

subsurface inflow, and lateral drainage. Landfill systems, including various combinations of

vegetation, cover soils, waste cells, special drainage layers and relatively impermeable barrier

soils, as well as synthetic membrane covers and liners, may be modelled. The program was

developed to facilitate rapid estimation of the amounts of runoff, drainage and leachate that may

be expected to result from landfill operation under a wide variety of landfill designs. The model

is applicable to open, partially closed and fully closed sites.

Numerical modeling is the process in which a physical system is fIrst described by

analytical mathematical equation(s) and then simulated by numerical approximations of

mathematical solutions using a digital computer program to predict its physical processes. This

modeling process is necessarily based on many simplifying assumptions. The major assumptions

for the HELP program are summarized below.

The HELP model computes the rainfall-runoff on a long-term based statistical average,

and therefore cannot provide accurate estimates of runoff volume for individual storm events.

It assumes Darcy flow through the soil and does not consider any channeling flow due to soil
,

characteristics such as cracks or root holes. The lateral drainage rate and average saturated

depth have been assumed to support the unsaturated drainage as a steady state drainage.

The HELP program requires three general types of input data: climatological data, soil

data and design data. The default climatological data of Providence, Rhode Island will be used
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as input to the HELP model. This data includes five years of historical precipitation data (1974

through 1978). Maximum leaf area index and evaporative zone depth corresponding to

vegetative cover of fair grass may also be assumed.

Soil data required as input to the model includes the number of layers in the cap, layer

types (Le., vertical percolation, lateral drainage or barrier soil liner), layer thickness, soil

texture, soil compaction, initial soil water content, leakage fractions for synthetic membrane

liners, vegetative cover type, and runoff curve number.

Design data are also required in the HELP program and include such information as the

total landfill surface area, slope of a lateral drainage layer, and maximum lateral drainage

distance along a slope. Each of these data will be determined during the cap design. A

preliminary assessment of the quantity of leachate which may be generated by the placement of

a RCRA Subtitle C landfill over the site indicated that approximately 600 to 700 gallons of

leachate may be generated on an annual basis. Further information on this preliminary estimate

may be found within the Final Focussed Feasibility Study for the site.

2.6.2 Leachate Fate and Tlt:lns.port Assessment

Based on the results of the leachate generation assessment described above, a leachate

fate and transport assessment will be conducted. This assessment will consist of three major

components:

• A qualitative description of the leachate generation and potential
migration pathways will be presented. This description will
provide the foundation and conceptual framework for the
quantitative analysis.

• A quantitative assessment will be performed. This assessment will
use existing site data as input to a model (MODFLOW) which will
provide information on the anticipated rate of leachate migration
that might be expected at the landfill.

• Potential future migration will be evaluated using information
supplied by the leachate generation assessment and migration
assessment.
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It is assumed that the leachate generation will migrate downward into ground water and

migrate in the aqueous, or dissolved ground water phase. Therefore, leachate fate and transport

properties will be modelled using a three-dimensional ground water flow model. The model

chosen for this assessment is the USGS MODFLOW model which has been selected based on

the programs ability to provide a realistic numerical characterization of the existing aquifer

system beneath the landfill. MODFLOW is a public domain model that approximates ground

water flow using a fInite difference technique. Information required as model input include such

aquifer properties as porosity, hydraulic conductivity, adsorption, dispersivity, and initial

pressure and concentration conditions. These data will be estimated from existing site-specifIc

data (Phase I RI) and information available within the literature. Model output will include

information on the three-dimensional rate of leachate migration at the landfill and would form

the basis for a future impact assessment. This assessment would estimate the impact leachate

migration may have on Narragansett Bay based on predicted leachate loading and migration

rates. In addition, the future impact assessment would evaluate natural ground water flow and

transport (e.g., flushing) of the landfill following cap placement.

2.7 LEACHATE ECOLOGICAL RISK ASSESSMENT

To assess the need for mitigation of the landfill leachate in the post-capping scenario, an

ecological risk assessment and characterization will be performed to determine potential adverse

effects of leachate on environmental receptors in Narragansett Bay. The ecological assessment

and risk characterization are described below.

To undertake the ecological risk assessment modeled ground water concentrations will

be used to simulate the loading of landfill contaminants into the Bay'. The accumulation of these

contaminants in sediment and biota will be calculated based upon partition coefficients and

bioconcentration factors. Resulting environmental concentrations (water column, sediment,

biotic tissues) will be compared against available environmental quality criteria. Additionally,

contaminant exposures will be compared against acceptable exposures to marine biota (plants,

macroinvertebrates, shellfIsh) to derive Toxicity Quotients. The Toxicity Quotient will provide

a quantitative measure of the acceptability of the modeled exposures. Exposure concentrations

likely to be devoid of ecological harm will be determined from the marine toxicology literature
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for the chemicals of interest, with computerized searches of fish and wildlife databases providing

the vehicle to locate appropriate toxicity data.

The habitats and species potentially impacted will be assessed based upon evaluation of

previous benthic studies of Narragansett Bay, and based upon current site-specific data gathered

in the Bay just off of McAllister Point. These data will describe the habitats and species

involved so that rare, threatened, or endangered species and habitats can be identified. An
. .

endangered species search will also be conducted using local databases which report the siting

of endangered species in specific locations. The habitat and species data will provide an index

of species diversity and enumeration, presence of special concern species and background

concentrations of chemicals in species tissues and sediment due to previous releases. This data

will provide an indication of whether adverse biological impacts are evident in the region of

McAllister Point.

The ecological risk assessment will be divided into the following tasks:

• Hazard Assessment - identify contaminants of concern and
receptors of concern; characterization of the ecological resource
and associated habitats.

• Toxicity Assessment - evaluate the dose response relationships
describing the marine impacts of the contaminants of concern;
identification of environmental concentrations criteria relevant to
the marine media of concern.

• Exposure Assessment - identify biotic exposure pathways stemming
from contamination of the water column, sediment, and food
resources; model exposure point concentrations in these media;
evaluate the likelihood for exposure to occur.

• Risk Characterization - calculate Toxicity Quotients for
quantifiable risks; compare modeled concentrations to available
criteria; evaluate sensitivity and uniqueness of the ecosystem and
specific receptors in terms of the contaminant exposures; discuss
potential impacts in relation to background concentrations and
risks.
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2.8 DESIGN OF TIIE LANDFILL CAP

• A conceptual level description of the cap at the McAllister Point Landfill is provided

below.

A multi-layer cap would be placed over the landfill area to limit the amount of infIltration

and thereby minimize leachate production. The cap would cover approximately 10.5 acres,

encompassing the landfill area at McAllister Point, including identifIed areas of ash, construction

debris and domestic waste disposal. The general~ where the cap would be placed is

indicated on Fi~re 6. The cap would be designed to meet or exceed Resource Conservation

and Recovery Act (RCRA) guidance as described in the USEPA documents, Technical Guidance

Document: Final Covers on Hazardous Waste LandfIlls and Surface Impoundments (USEPA,

1989) and Design and Construction of RCRA/CERCLA Final Covers (USEPA, 1991), and in

accordance with accepted engineering design practices. Site-specifIc factors will be considered

in determining an effective cap design. A typical cover system is composed of a vegetative and
\

protective layer, a drainage layer, an upper barrier layer consisting of a synthetic membrane,

and a lower barrier layer consisting of a low permeability soil barrier. An optional gas vent

layer may be placed below the lower barrier layer, if determined to be appropriate during the

landfill gas management system evaluation. A conceptual cap cross-section is provided in Figure

7.

A landfill gas management system would be incorporated into the cap design ifnecessary.

As part of the design phase, a landfill gas study would be conducted as described in Section 2.4

above.

Surface controls, including grading, re-vegetation, storm water runoff and slope

protection would be implemented in conjunction with the multi-layer cap.

Prior to construction of the cap, the site would be regraded to eliminate depressions and

steep sidewalls to the extent practicable so that precip~tation will run off instead of ponding on

the surface or infIltrating into the landfill and to provide stable slopes. The regraded surface

will also enhance the placement of the cap materials over the landfill area, especially along the

steep sidewall areas adjacent to Narragansett Bay. Near-shore sediments may need to be

excavated from below the mean high water line for placement of shoreline protection features.
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Regulatory pennission to excavate and consolidate this sediment within the proposed cap area

prior to initiation of cap construction activities will be sought.

Following cap construction, the entire cap would be seeded and/or planted to minimize

erosion of the cap's surface. A re-vegetation analysis will be conducted to allow development

of a re-vegetation plan which will enhance future habitation of the site by indigenous species.

This analysis will be conducted by a qualified ecological consulting ~mn.

The cap and drainage system would be connected to a system of drainage swales around

the landfill to control run-on and run-off. Along the western side of the landfill, bordering

Narragansett Bay, slope protection revetment would be utilized to protect the landfill materials

and the landfill cap from potential damage due to wave erosion, stonn surges, etc. During the

design process, a stonn surge and wave analysis will be conducted to evaluate wave energy

forces along the shoreline and maximum wave runnup in order to design protection of the slope.

A stability analysis of the existing and/or any proposed modifications to the existing side slope

will also be conducted during the design process. The fmal design of the slope protection

system would be in accordance with the Anny Corps of Engineers' Shore Protection Manual and

available FEMA coastal flood elevation infonnation. Any reduction in the grade of the seaward

facing landfill slope would be designed so as to consolidate any material removed from the slope
,

in the area to be capped and to minimize any movement of landfill material into the adjacent

bay. In accordance with Section 404 of the Clean Water Act, the slope protection features along

Narragansett Bay should not extend beyond the toeprint of the existing landfill. If during the

design process it is detennined that the cap cannot be constructed in accordance with this

requirement, mitigation of impacted wetlands may be required. If mitigation is required, a

mitigation plan will be developed and distributed for public comment prior to implementation.

A conceptual slope protection section is provided in Figure 7.

Adjacent to the remainder of the cap's perimeter, drainage swales would be used as

necessary to control run-on and run-off from the cap.
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2.8.1 Long Tenn Monitoring Review

It is anticipated that a thirty-year period of post-closure care will be required following

completion of the landfill cap. Post-closure care would consist of the following components,

in accordance with RCRA requirements (40 CFR Part 264, Subparts G and N):

• Maintaining the integrity and effectiveness of the fmal cover, including making
repairs to the cap as necessary to correct the effects of settling, subsidence,
erosion, or other events;

• Maintaining and monitoring the ground water monitoring system and complying
with other applicable requirements of 40 CFR 264 Subpart F;

• Maintaining and operating the gas control and monitoring system;

• Preventing run-on and run-off from eroding or otherwise damaging. the fmal
cover; and

• Protecting and maintaining surveyed benchmarks used in complying with 40 CFR
264.309.

Long-tenn ground water monitoring and stonn water discharge monitoring would be

conducted following capping of the landfill. The design of the monitoring systems would be

defmed following completion of additional ground water studies and site drainage design. The

environmental monitoring program would be submitted for regulatory review and would identify

the sampling locations and sampling frequencies. At a minimum the environmental monitoring

program would be conducted for a period of thirty years.

Five-year reviews would also be required as part of the environmental monitoring

program. In addition to making recommendations regarding future remedial actions, the five

year reviews would assess the perfonnance of the containment system to ensure continued

protection of human health and the environment.
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3.0 HEALTH AND SAFETY PLAN

This Health and Safety Plan (HASP) has been developed to guide TRC's health and

safety procedures which will be used during field investigations for the design of a landfill ca~

at the McAllister Point Landfill. This HASP is intended to meet requirements for protection of

worker health and safety required by the Occupational Safety and Health Administration (OSHA)

under 29 CFR 1910.

3.1 HEALTH AND SAFETY OBJECTIVES

The objectives of this HASP are to:

• Inform site personnel of the currently known and suspected
hazards associated with work at contaminated areas at the
McAllister Point Landfill;

• Provide a safe work environment;

• Minimize the risk of injuries and illness for site workers and the
public; and -

• Comply with safety and health laws and regulations.

All site personnel, including subcontractors, are required to become familiar with and

follow provisions of this plan. Although all employees are required to follow the guidelines set

forth herein, the safety of site personnel is ultimately the responsibility of the individual and

their respective employers. Copies of this HASP will be available to on-site personnel for

orientation to anticipated on-site hazards (based on currently available data), as well as the health

and safety procedures to be followed during implementation of this program. TRC and the Navy

cannot be responsible for enforcing provisions of this plan for the health and safety of site

personnel other than their own employees.
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3.2 HEALTH AND SAFETY ORGANIZATIONAL STRUCTURE

This section focuses on TRC's organizational structure in specific relation to health and

safety. The main points-of-contact between the Navy and TRC are TRC's Program Manager

and Project Manager. TRC's Health and Safety Director provides consultation to the Program

and Project Manager on health and safety issues as well as industrial hygiene concerns. Field

operations are directed by the project manager in coordination with the Navy and the Program

Manager. These operations are headed by a Field Operations Manager, who has control of day

to-day field activities during on-site work. Day-to-day control of worker health and safety is

conducted by the TRC On-Scene Coordinator (OSC) who reports directly to the Field Operations

Manager, or, in his or her absence, the TRC Project Manager. While individual subcontractors

are required, or at a minimum encouraged, to develop their own health and safety plans they

must follow the requirements of this HASP.

Responsibilities of key health and safety personnel are described below. These personnel

will be involved with the development and/or modification of this HASP for task-specific work

activities at the site. Modifications of this HASP will be reviewed and approved by key

supervisory staff.

Program Manager

• Holds ultimate responsibility for satisfactory completion of the
project.

• Reports status of field activities to the Northern Division Project
Manager.

Health and Safety Director

• Reviews and provides input to subcontractor-generated health and
safety plans.

• Provides on-going industrial hygiene support to the Project Manager.
• Reviews and approves significant changes and/or deviations to the HASP.
• Provides consultation to the Project Manager on technical aspects of the HASP

and its implementation.
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Project Manager

• Provides overall project management and control.
• Maintains day-to-day liaison with the Northern Division technical staff and

subcontractors.
• Prepares, reviews, and transmits project documents to the Navy.
• Conducts the initial health and safety site orientations.
• Notifies the Navy technical staff of any site emergencies.
• Conducts field health and safety audits, as necessary.

Field Operations Manager

• Coordinates and supervises fieldwork.
• Reports daily progress of fieldwork to the Project Manager.
• Notifies Project Manager of deviations from the Health and Safety Plan.
• Assures that fieldwork proceeds according to Health and Safety Plan require

ments.
• Designates On-Site Coordinator (OSC)

On-Site Health and Safety Coordinator (OSC)

• Monitors field investigations to ensure compliance with the approved HASP.
• Recommends modification of the HASP to the Project Manager as soon as

practical after it is apparent that the Plan should be modified.
• Primary responsibility for notification of and transport of injured field personnel

to a hospital in the event of an accident.
• Keeps non-essential personnel outside study zone boundaries. Logs in the field

notebook personnel who enter into the study zone.
• Uses appropriate portable field instruments to monitor site conditions during

investigatory activities.
• Maintains a log of field activities, monitoring data, and site meetings.
• Monitors decontamination procedures for personnel and equipment.
• Monitors the handling and storage of investigation-derived waste

materials.
• Appoints alternate on-site coordinator on an as needed basis.

On-Site Health and Safety Coordinator - Alternate(s)

• Assumes all functions and responsibilities of the OSC in his/her absence.
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Subcontractors

• Immediately notify the Field Operations Manager or On-Site Coordinator of
hazardous or potentially hazardous conditions or environments that are not
addressed or not adequately addressed in the HASP.

• Conduct work in a safe manner.

3.3 MEDICAL SURVEILLANCE

TRC maintains a continuous in-house medical surveillance program designed specifically

for field personnel engaged in hazardous waste site activities. This program is maintained in

compliance with 29 CFR 1910. 120(f) and is intended to assess and monitor personnel exposure

to hazardous and/or toxic agents. As indicated in EPA's Standard Operating Safety Guides (pg.

79), the goal of a medical surveillance program, and of appropriate screening and monitoring

in the workplace, is the protection of an employee's health. Two factors are critical for

achieving this goal:

• Detecting pre-existing disease or medical conditions that may place
an employee performing certain tasks at an increased risk; and

• Minimizing individual exposures at the workplace, so that the
disease process is never initiated.

A consulting, board-certified, occupational physician and TRC's Health and safety

Director will co~duct and oversee TRC's medical monitoring program. Clinical laboratory

testing protocols will be determined by the examining physician. TRC's company physician (Dr.

Michael Erdil) is a specialist in occupational health. Dr. Erdil's address is:

Mr. Michael Erdil, M.D.
Immediate Medical Care Center
423 Franklin Avenue
Hartford, CT 06114
Phone (203) 296-8330
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•

Each TRC employee must have medical clearance from the Health and Safety Director

prior to commencement of site work. Medical evaluations are conducted on a yearly basis

according to the outlines described in this section. The purposes of the medical monitoring

program are as follows:

• To assess the health status of an employee prior to work;

• To evaluate and provide medical care for personnel in the event of
a work-related accident or illness;

• To identify any adverse health effects resulting from hazardous
work and to determine employee fitness for future work
assignments.

Additionally, it has been TRC's experience that a medical monitoring program generates

a sense of health and safety conscious among project personnel. Pre-placement, exposure and

follow-up medical evaluations are described below.

Pre-Placement Medical Evaluation

Employees whose work assignments require their presence at a hazardous work site are

required to have a baseline medical evaluation prior to commencement of hazardous work
"activity. The baseline medical evalua~ion consists of the following.

• Medical and Occupational History
• Physical Exam
• Pulmonary Function
• Urinalysis
• CBC (with differential and RBC) Chern 24 (SMAC)
• RBC Cholinesterase
• Urine Heavy Metal Panel
• Blood Lead
• Blood PCBs
• EKG (over 40 years of age)
• Audiometry

3-5

TRC



In addition to the initial baseline medical evaluation, an annual medical evaluation is

conducted for TRC employees. The annual medical evaluation consists of the following:

• Physical Exam and History
• Pulmonary Function
• Urinalysis
• CBC (with differential and RBC) Chern 24 (SMAC)
• RBC Cholinesterase
• Blood Lead
• EKG (over 40 years of age)
• Audiometry

Additional tests which may be performed as part of the annual examination include the

following:

• Cholinesterase (plasma)
• Urine Heavy Metal
• Chest X-Ray (2-view)

Based upon this examination and a review of the employee's job description, the

physician identifies any medical restrictions which would affect an employee's ability to safely

perform his/her job. If no restrictions are imposed, the physician certifies the employee as
~

capable of conducting work at hazardous waste sites. The examining physician communicates

any medical restrictions directly to the employee and TRC Health and Safety Director, if

appropriate.

Exposure Medical Evaluation

If an employee suspects exposure to a toxic chemical or other hazard while performing

project tasks, additional tests may be conducted following the exposure period. Individuals are

encouraged to discuss potential exposure events and changes in their health status with their

physician and/or the TRC Health and Safety Director.
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Follow-up Medical Evaluation

Each person who participates in hazardous work activity has an annual medical

examination. The evaluation consists of the following:

• Basic medical evaluation (as described above); and
• Additional medical testing as dictated by hazardous work history

and other health status changes during the previous year.

The health care facility is required to retain TRC medical records for a minimum of five

years.

3.4 HEALTH AND SAFETY TRAINING

The TRC field personnel who may be assigned work activities at the McAllister Point

Landfill have completed OSHA required safety training programs, and will undergo site specific

safety instruction prior to the start of field work. Both OSHA and on-site training programs are

discussed below.

3.4.1 OSHA Training

TRC personnel receive training which, at a minimum, satisfies the OSHA regulations for

hazardous waste and emergency response (29 CFR 1910.120). TRC personnel assigned to

hazardous field work undergo both classroom and practical training relative to general health and

safety and respirator use. Both programs are described within this section.

, TRC personnel who participate in on-site work activities which may result in exposure

to a toxic or hazardous material are required to complete a 40-hour OSHA safety training

program, as well as yearly refresher programs to:

• Ensure maximum regard for the health and safety of fellow
employees, the public, and the environment;

• Comply with laws, rules, and regulations required to safeguard the
health and safety of employees, the public, and the environment;

• Increase the ability of employees to react responsibly and safely
under normal conditions and during emergency situations; and

3-7

TRC



• Educate personnel relative to potential hazards, adverse chemical
effects, and the importance of safety and industrial hygiene
practices.

TRC hazardous waste site investigation personnel who may work at the McAllister Point

Landfill have attended a course (or its equivalent) which includes discussion of many topics in

dealing with hazardous substances. The course was comprised of classroom instruction,

demonstrations, respirator fit testing, protective clothing outfitting, and hands-on field safety

training.

A typical training course includes, at a minimum, the following topics:

1. Identification of hazardous substances
2. Properties of hazardous substances
3. Routes of exposure
4. Toxicity
5. Practical considerations
6. Physical properties of chemicals
7. References for TLV, LEL, toxicity data, cross references
8. Remote sensing, map reading
9. Technical assistance organization

10. Air monitoring and survey instruments
11. Site entry and egress procedures
12. Heat stress monitoring
13. Levels of personnel protection
14. Site control - work zones
15. Site control - decontamination
16. Equipment decontamination
17. Site!Area safety planning

The emphasis of the ti-aining is that a certain level of protection must be maintained

throughout the field work. Even though exposure may be minimal, it is emphasized that field

team members can develop synergistic symptoms and health effects by exposures at various sites

to different chemicals. The levels of protection used on any site will be dictated by the ltwel

of risk and the known or anticipated exposure.
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3.4.2 Respirator Training

All personnel who enter an Exclusion Zone must.have completed a respiratory protection

program which, at a minimum, satisfies OSHA regulations (29 CFR 1910.134). This program

includes:

• Instruction in the proper use and limitations of respirators;

• Proper fitting of personnel for a respirator, using a qualitative or
quantitative fit test method; and

• Teaching personnel how to conduct a positive and/or negative fit
test.

Each employee will be fit tested with their individual respirator. During in-house safety

training, employees are fit tested using isoamyl acetate (banana oil) and irritant smoke in

accordance with 29 CFR 1910. 134(e)5(i) and EPA protocol as described in "Hazardous Material

Incident Response Operations Manual, Appendix ill, Respirator Fit Testing". On-site fit testing

will consist of a qualitative fit test such as the negative pressure test or positive pressure test.

In conducting the negative pressure test, the employee will be told to close off the inlet of the

canister, cartridge(s), or ftlter(s) by covering them with their palms or by squeezing the

breathing tube so it doesn't pass air. They will then be told to inhale gently so the face-piece

collapses slightly and then to hold their breath for ten seconds. If the face-piece remains slightly

collapsed and no inward leakage of air is detected, the fit is considered to be satisfactory.

In conducting the positive pressure test, the employees will be told to close off the

exhalation value and then to exhale gently into the face-piece. If a slight positive pressure can

be built up inside the face-piece without any outward leakage, the fit is considered to be

satisfactory. Because this test may require removal and replacement of the exhalation valve

cover which can disturb the respirator fit, it is a less preferred method than the negative pressure

test.

Field staff assigned to project work at the site shall be capable of using and inspecting

a cartridge respirator. Each field staff shall have their own personal respira~or. The

maintenance of that respirator shall be the responsibility of the individual. OSHA requires that
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respirators be inspected both before and after use and that respirators not used routinely shall

be inspected after use and at least monthly. At the time the respirator is issued and used, the

individual receiving it shall test the fit (qualitatively), and inspect the gaskets, exhalation valve,

face shield, head straps, and cartridges.

Individuals are responsible for cleaning/disinfecting their respirators. Acceptable

procedures include washing using respirator-approved detergent/disinfectant in warm water and

rinsing or air drying in a clean place.

3.4.3 First Aid Training

Most members of TRC;'s field investigation staff have received red Cross first aid and

CPR training. The TRC project manager and OSC will consider the need for personnel trained

in first aid and CPR when assembling and scheduling field investigation crews.

3.4.4 Site-Specific Training

Before field work starts at the site, the TRC Project Manager or his/her designee will

conduct an on-site training course for TRC and subcontractor personnel, and other people

involved with site investigations. No person will be allowed to work on-site unless they have

attended this or some other appropriate form of safety training. This training program will

include a review of this HASP, copies of which will be made available to all attendees and

which will be available at all times at a central command location. The major components of

the training will inc1Qde:

1. Review of suspected chemical hazards, forms (vapor, gas etc.) and warning
properties.

2. Operational Procedures
Site command control
Perimeter control
Zones of hazard
Levels of protection
Detection equipment
Communications (radio and hand signals)
Decontamination procedures
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3. Emergency procedures
First aid
Emergency communications
Local response groups and their phone numbers
Evacuation procedures

Site rules and regulations that will be emphasized during the on-site training are:

1. No smoking, drinking, eating within restricted zones. A respirator is required to
be worn at all times within this zone unless organic vapor/gas levels are
determined to be within recommended safe limits based on OVA readings and do
not pose a health hazard to workers.

2. All resting, refreshment and sanitary Ifacility use will be in clean areas.

3. Those in contact with contaminated soils, sludges or other suspect contaminated
materials must go through full decontamination upon egress from restricted areas.

4. The On-Scene Coordinator or his designee has full authority in terms of startup
and shutdown of operations from a safety standpoint. The OSC will determine
if upgrades of personal protective equipment is warranted and/or if weather
conditions are too extreme for work.

3.4.5 TRC's Drug- and Alcohol-Free Workplace Policy

TRC has a continuing objective to provide the highest quality service to its clients and

to safeguard their employees. Therefore, TRC has established a policy to maintain a drug- and

alcohol-free workplace for the benefit of TRC employees, clients, business associates, and the

public. This policy is intended to be consistent with the Drug-Free Workplace Act of 1988 and

incorporates drug and alcohol testing for specific categories of employees. Further information

on TRC's Drug- and Alcohol-Free Policy is available upon request.
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3.5 OPERATIONAL PROCEDURES

The purpose of the operational control measures presented in this section are to maintain

order at the site and to minimize chemical and physical hazards to on-site personnel, visitors,

and the public. As required by OSHA under 29 CFR 191O.l20(d), the following site control

program has been developed prior to implementation of response actions.

3.5.1 Site Command and Control

A command post vehicle will be used to store safety and decontamination equipment used

during exploration activities at the landfill. This vehicle will serve as the command center.

Personnel traveling with this vehicle will be in radio contact with the TRC project manager.

An area near the command vehicle will serve as the command post and will be designated

a "clean area" where only Navy personnel, the TRC project manager, the Field Operations

Manager, and the On-Scene Coordinator will be allowed. All other people must have clearance

from the OSC or his designee before being allowed access to this area. Emergency response

telephone numbers, directions to the nearest hospital, and this Safety Plan will be available at

the command vehicle.

Security

Security within the Newport Naval Base is provided by a series of restricted access gates

which are manned by security personnel. However, access to the McAllister Point Landfill area

along Defense Highway is restricted by a chain-link fence and locked gate.

Site Documentation

Documentation and implementation of this Health and Safety Plan will be maintained

within TRC's project fIles. The following information shall, at a minimum, be recorded:

• Signed copies of the HASP Approval Form provided at the front
of this document.

• Signed copies of the Personal Safety Acknowledgement Form for
personnel who engage in field work at the landfill.
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Any completed accident Report Fonns.

Copies of Health and Safety Training certificates and physician's
acknowledgement of the fitness of employees to engage in nonnal
field work.

Additionally, copies of health and safety reference material, and records ofenvironmental

monitoring equipment calibration and usage may be maintained in the project fIles. Further site

infonnation will be recorded in daily logs of field activities maintained by TRC site personnel.

3.5.2 Site Communication

Internal and external communications systems will be established during field activities.

Internal communication refers to communication between workers at a job site. External

communication refers to communication between on and off-site personnel. TRC's internal

communication system will consist of the use of portable walkie-talkies and/or telephones or the

use of emergency hand signals, when respiratory protection is used and personnel are within

visual contact. A general summary of an internal site communication system is outlined below.

Field Teams:
Portable FM walkie-talkies - one mile range
Telephone

Field Personnel:
Hand signals (see below)

EMERGENCY HAND SIGNALS

1. Hand gripping throat:

2. Grip partner's wrist or
place both hands around waist:

3. Hands on top of head:

4. Thumbs Up:

5. Thumbs Down:

6. Clenched Fist - Hand Held Up

Out of air, can't breathe.

Leave area immediately, no debate.

Need assistance.

OK, I'm all right. I understand.

No, negative.

STOP work" STOP equipment.
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3.6 WORK ZONES

One of the basic elements of an effective site control program is the delineation of work

zones as described in EPA's Standard Operating Safety Guides. (pg 35). This delineation

specifies the type of operations that will occur in each zone, the degree of hazard at different

locations within the site, and the areas at the site that should be avoided by unauthorized or

unprotected employees. Specifically, the pUlpose of establishing work zones is to:

• Reduce the accidental spread of hazardous substances by workers
or equipment from the contaminated areas to the clean areas;

• Confme work activities to the appropriate areas, thereby
minimizing the likelihood of accidental exposure; and

• Facilitate the location and evacuation of personnel in case of an
emergency.

Although a site may be divided into as many zones as necessary to minimize an

employee's exposure to hazardous substances, the three most commonly identified zones include

the support zone, the decontamination zone, and the exclusion zone. A description of each of

these zones and the factors to be considered when establishing them are provided below.

Support Zone

The support zones are considered "clean areas" and provide areas or locations where field

personnel can take breaks and store field investigation equipment. The support zones also

contain site safety and emergency supply equipment (e.g., first aid kits, eye wash units, HASP)

and field communication equipment (e.g., mobile phone, walkie talkie). The most important

criteria in selection of the support zone is that it lie within an area known to be "clean". The

size of the support zone should be commensurate with the extent and type of field activities to

be undertaken on the site.

The support zones may consist of the on-site personnel vehicles and/or nearby off-site

areas, or a mobile field office trailer. The support zone at the McAllister Point Landfill will

consist of the area near a series of concrete foundations present adjacent to the gate entrance to

the landfill. Site command vehicles will be parked in this area.
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Decontamination Zone

A contamination reduction, or decootamination zone, will be established adjacent to

activity-specific exclusion zones. The decontamination zone will be established at the upwind

side of the exclusion zone and will consist of a taped off area adequate in size to comfortably

contain decontamination equipment. Personnel exiting the exclusion zone shall undergo

appropriate decontamination, if required by task-specific procedures described in Section 3.11.

A heavy equipment (e.g., drill rig, etc.) decontamination area will be established on-site south

of the site support zone, or at another appropriate location neat the site support zone.

Exclusion Zone

Given the relatively limited areas on-site which may be "free" of contamination, activity

specific exclusion zones will generally be established at each boring location/work area at the

landfill. During subsurface explorations (e.g., soil borings), the OSC or alternate will establish

a 25-foot exclusion zone around the operating equipment (e.g., drill rig) as allowed by area or

access constraints. The exclusion zone will be demarcated with caution tape or barricades.

The OSC or alternate will be responsible for keeping nonessential personnel outside the

exclusion zone boundaries. In the event that visitors or unauthorized personnel are present

during field activities, the OSC or alternate shall verbally request that they maintain a safe

distance outside of the area marked by the caution tape and safety cones. Prior to entering the

exclusion zone, site personnel shall have donned the proper personnel protective equipment

(PPE) for expected site conditions, or as determined by the OSC or alternate.

3.7 SAFETY PROCEDURES

This section describes general safe work practices. The OSC shall assure that standard

operating procedures are adhered to, as listed in the EPA Manual "Standard Operating Safety

Guides", (EPA, 1992) and the OSHA manual "Occupational Safety and Health Guidance Manual

for Hazardous Waste Site Activities" (OSHA, 1985).
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The following general safety rules will be in effect for potentially hazardous site

exploration activities:

• Eating, drinking or smoking will not be allowed in the exclusion
or decontamination reduction zone.

• Evidence of unusual site conditions, or previously undetected
contaminant source areas (e.g. drums, tanks, etc.) should be
immediately reported to the OSC and should not be approached
until further information is gathered regarding contents, past use,
etc.

• Personal protective equipment specified by this plan shall be worn
at all times.

• Personnel entering a site or contaminated area must have the
permission of the OSC.

• Report all accidents, injuries, or possible exposures to the OSC
immediately.

• Maintain close contact with other site personnel. If PPE is used
at the site, check other site workers' PPE periodically to see if it
is working adequately.

The OSC will report any chemical release and/or exposures to the TRC Project Manager

and Navy representative, if available. Site operations will be conducted in accordance with the

general guidelines and procedures outlined in the following publications, which will be available

in the site command vehicle on-site:

• Pocket Guide to Chemical Hazards & the 1992-1993 ACGrn
Threshold Limit Values for Chemical Substances and Physical
Agents and Biological Exposure Indices - The OSC will utilize
information in these publications to establish or modify the
necessary levels of personal protection needed on-site. These
guides list exposure limits for various chemical compounds, the
appropriate protective equipment, and the health hazards associated
with accidental exposure.
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• The Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities - This publication provides
guidance for preparing site-specific health and safety plans. The
publication includes infonnation on planning and organization of
site operations, incorporating the health and safety plan into the
overall hazardous waste operations plan, appropriate training
topics, and techniques for characterizing site hazards.

Heavy Equipment

The following guidelines will be applicable to work involving material handling and

heavy equipment.

• Pay attention.

• Use common sense.

• Hard hats shall be worn on-site at all times.

• When noise makes verbal communication difficult, hand signals
should be used. One person shall be responsible for hand signals
given to heavy equipment operators.

• When lifting heavy objects, use the legs, not the back.

• Use appropriate equipment to move heavy objects.

• Only qualified operators shall operate heavy equipment.

• Maintain visual contact at all times.

• Be aware of footing at all times.

• Never walk in the vicinity of heavy equipment without the operator
being aware of your presence.

• Be aware of all nearby underground and overhead power, gas, or
other utility lines when heavy equipment is used on-site.
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3.8 GENERAL HAZARDS

In general, hazards which may be encountered on-site may be classified into three general

categories: chemical, physical, and natural. Chemical hazards are area specific and involve

potential exposure to chemical contaminants in soil, water, and volatilized components in air.

Physical hazards are generally occupationally specific and involve some type of accident.

Natural hazards are created by natural environmental circumstances such as weather, poisonous

plants, poisonous animals, insect bites, etc.

3.8.1 Physical Hazards

Primary physical hazards which may be encountered at the landfill are those associated

with tasks which involve drillingand/or excavation activities. Hazards that could be encountered

during subsurface explorations include falls and trips, injury from lifting heavy objects, falling

objects, eye injuries, head injuries, and pinched or crushed hands and feet. Electrical hazards

may also be present due to both overhead and buried electrical supply lines.

3.8.2 Natural Hazards

Natural hazards such as weather, poisonous plants, animals, and insects cannot always

be avoided. Based on available infonnation and site conditions, the site safety officer and field

personnel shall use their best judgement to avoid these potential hazards.

Natural hazards include exposure to poisonous plants such as poison ivy and insects such

as ticks. TRC personnel will be trained to identify poison ivy and insect repellant will be

available in the on-site first aid kits. _Special care must be taken to frequently inspect clothing

and areas of exposed skin for deer ticks. Deer ticks are minute parasites which are

approximately the size of a pin head. These parasites are known to carry Lyme disease, which

left untreated, can cause severe respiratory problems, arthritis, and neuromuscular disorders.

The OSC will instruct site personnel on deer tick identification and the symptoms of Lyme

disease. Insect repellant application, in addition to inspection will be encouraged by the OSC

or designee.
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Natural hazards also include exposure to adverse weather conditions including heat and

cold stress. As indicated in EPA's Standard Operating Safety Guidelines (pg. 93), temperature

extremes pose a hazard of particular concern to the health, safety, and comfort of personnel

involved in hazardous waste site activities. Site health and safety personnel must consider the

two most common dangers, heat stress and cold exposure, when making decisions regarding PPE

selection and work mission duration, when establishing standard operating procedures for site

activities, and when conducting medical monitoring. Both heat and cold stress are discussed

below.

Heat Stress

Heat stress is a potential hazard that will be considered throughout the duration of

environmental field activities on-site. Heat stress is magnified by wearing semipermeable and

impermeable encapsulating ensembles. Therefore, whenever possible, Level D protection will

be maintained, unless air monitoring instruments detect contamination above established

backgrounc! levels or a higher level of protection is warranted by site conditions or specified by

the OSC. In addition, if high heat and humidity conditions persist, work activities will be

rescheduled to take advantage of the cooler hours of the day. Because heat stress is one of the

most common, if not the most serious illnesses at hazardous waste sites, the OSC or his/her

designee will institute a monitoring program if the ambient temperature rises above 8ooF, and

employee~ are working in Level C protection. The monitoring program may include; heart rate

measurement and oral temperature measurements. If heat stress may be a factor due to ambient

temperature and humidity, then it is recommended that both methods be used. Also, these tests

should be performed in the morning prior to any work to establish a background level. Heart

rate monitoring may be conducted as follows:

• Count the pulse rate for the last 30 seconds of the first minute of a three minute
period, the last 30 seconds of the second minute, and the last 30 seconds of the
third minute.

• Double each count to obtain a equivalent one minute rate.
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Ambient Temperature (oF)
75 or less
80
85
90
95
100

If the fIrst rate is less than 100 beats/minute and the second two readings are at least 10

beats/minute less than the pre~ious reading then established rest periods should be considered

adequate. Otherwise, the rest periods should be extended.

Another method of measuring the effectiveness of the rest periods is to take oral

temperatures. If body temperature exceeds 100oF, then the rest periods should be extended.

Initially, the frequency of physiological monitoring will depend on the air temperature adjusted

for solar radiation and the level of physical work being performed (see ACGIH TLV Guide

1992/3). Level D workers may also be monitored, and work/rest peri~ds strictly adhered to.

U should be noted that excessive heat and/or humidity conditions may warrant a work shut-down

if the OSC or his/her designee deems that the site temperature conditions are higher than the

permissible heat exposure threshold limit value.

To prevent heat fatigue, TRC personnel will be encouraged to maintain an optimal level

of physical fItness, and to maintain body fluids at normal levels. To maintain proper

cardiovascular function, daily fluid intake must approximately equal the amount of water lost

by perspiration and elimination. Generally, the normal thirst mechanism is not sensitive enough

to ensure that enough fluid is taken in to replace fluid lost by perspiration. Therefore, TRC

workers will be encouraged to drink at least 16 oz. of water before beginning work on hot days.

Water or fluids containing essential electrolytes will be readily available to all workers. TRC

employees will be urged to drink a cup or two every 15 to 20 minutes or a each monitoring

break during periods of heavy physical activity. A total of 1 to 1.6 gallons of fluid per day is

recommended, however more may be necessary depending upon individual weight fluctuations

and metabolism. TRC will also provide shelter or shaded areas to protect personnel during rest

periods.

When protective clot,hing must be worn, the suggested guidelines are as follows:

Active Work Time (minlhr)
Level A. B. or C Clothing

50
40
30
20
10
o
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There are three classes or types of heat stress: heat exhaustion, heat cramps, and heat

stroke. Symptoms and treatment techniques for each of these types of heat stress are described

below.

Heat Exhaustion

The symptoms of heat exhaustion are:

• General weakness
• Excessive perspiration
• Dizziness
• Appearance of having fainted
• Pale and clammy skin
• Weak pulse
• Rapid and shallow breathing

To treat for heat exhaustion, place the individual in a cool plac~ and remove as much

clothing as possible. The individual should drink cool water, "Gatorade" or other similar liquid.

The individual should be fanned, however, do not over-cool or allow chilling. Treat the

individual for shock and remove to medical facility if condition persists.

Heat Cramps

The symptoms of heat cramps are as follows:

• Pain and cramps in legs or abdomen
• Faintness
• Profuse perspiration

Treatment is similar to that described for heat exhaustion, exc~t that liquids are not

given as they may aggravate the condition.
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Heat Stroke

The symptoms of heat stroke are:

• Muscle twitching or convulsions
• Dry hot skin
• Flushed skin
• Suddenness of condition
• High body temperature
• Loss of consciousness
• Deep breathing, then shallow or absent
• Dilated pupils

Heat stroke is a serious condition and the individual should be transported to a medical

facility as soon as possible. In the interim steps may be taken to reduce the severity of the

condition. The individual should be removed to a cool environment and the body temperature

should be reduced promptly by dousing the body with water or by wrapping in a wet sheet. If

ice is available, it should be placed under arms and around neck and ankles. "Gatorade" or

other liquid containing electrolytes should be provided.

Cold Exposure

Cold exposure may result in a lowering of the body temperature due to job-site

conditions. Cold exposure and subsequent stress may take the form of hypothermia or frost bite.
r

The single most important aspect of life-threatening hypothermia (cold stress) is a drop

in the deep core temperature of the body. Workers should be protected from exposure to cold

so that the deep core temperature does not fall below 360 C (96.8oF). Hypothermia may result

in reduced mental alertness, reduction in rational decision making, or loss of consciousness with

the threat of fatal consequences.

Pain in the extremities may be the fIrst early warning of danger of frost-bite or cold

stress. During exposure to cold, maximum severe shivering develops when the body

temperature has fallen to 350 C (95oF). This must be taken as a sign of danger to the workers

and exposure to cold should be immediately terminated for workers when severe shivering

becomes evident.
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Since prolonged exposure to cold air, or to immersion in cold water, at temperatures well

above freezing can lead to hypothermia, whole body protection must be provided. Adequate

insulating clothing to maintain core temperatures above 360C must be provided to workers if

work is performed in air temperatures below 40C (40oF). In addition, it should be kept in mind

that, the higher the wind speed and the lower the temperature in the work area, the greater the

insulation value of the protective clothing required.

Special protection of the hands is required to maintain manual dexterity for the prevention

of accidents. The following parameters are extracted from the American Conference of

Governmental Hygienists (ACGllI) Threshold Limit Values Booklet for 1992-93:

1. If fme work is to be performed with bare hands for more than 10-20 minutes in an
environment below 160C (60oF), special provisions should be established for keeping the
workers' hands warm. For this purpose, warm air jets, radiant heaters, or contact warm
plates may be utilized. Metal handles of tools and control bars should be covered by
thermal insulating material at temperatures below -1°C (30~.

2. If the air temperature falls below 160C (60oF) for sedentary, 40C (40oF) for light, -7oC
(20oF) for moderate work and fme manual dexterity is not required, then gloves must
be used by the workers. To prevent contact frostbite, the workers should wear gloves.

Provisions for additional body protection is required if work is performed in an

environment at or below 40C (40oF). The workers shall wear cold protective clothing

appropriate for the level of cold and physical activity to be undertaken:

1. If the air velocity at the job sites is increased by wind, draft, or artificial ventilating
equipment, the cooling effect of the wind shall be reduced by shielding the work area,
or by wearing an easily removable outer windbreak layer garment.

2. If only light work is involved and if the clothing on the worker may become wet on the
job site, the outerlayer of the clothing should be of a type impermeable to water. With
more severe work under such conditions, the outer layer should be water repellent and
the outerwear should be changed as it becomes wetted. The safety coordinator should
assure that adequate replacement garments are available for use by TRC employees.

3. If available clothing does not provide adequate protection to prevent hypothermia or
frostbite, the safety coordinator may suspend work on the site until adequate clothing is
available or until weather conditions improve.
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4. Workers handling evaporative liquids (gasoline, alcohols, solvents, etc.) at air
temperatures below 40 C (40oF) shall take special precautions to avoid soaking of
clothing or gloves with the liquids because of the added danger of cold injury due to
evaporative cooling.

TRC will provide its employees with cold weather outer clothing (e.g. coveralls, etc.)

as necessary. However, individuals are encouraged to supplement this clothing for additional

cold protection at their discretion.

3.8.3 Site Specific Chemical Hazards

Historical information indicates that the McAllister point Landfill was used for the

disposal of wastes, including spent acids, paints, solvents, oils, and PCB-contaminated oils. The

fmdings of the Phase I RI indicate the presence of elevated concentrations of volatile organic

compounds (VOCs), polynuclear aromatic hydrocarbons (PNAs), and metals in site soils. The

higllest levels of VOCs, PNAs, and metals were generally detected in the central and southern

portion of the site.

Fill is present across the site at depths ranging from approximately three feet at the site

periphery to 24 feet in the central portion of the landfill. The fill material encountered during

Phase I explorations consisted of an assortment of what appeared to be municipal and industrial

waste (e.g., plastic, wood, paper, garbage, construction debris, paints, ash). Elevated levels of

VOCs and metals were detected in site ground water. PCBs were also detected within a well

(MW-5S) at the southern portion of the landfill where free product (oil) was observed. Previous

investigations also showed levels of metals, petroleum hydrocarbons, and PCBs in adjacent bay

sediments; and elevated concentrations of metals in adjacent bay mussels. A list of the Phase

I identified contaminants of concern are provided on Table 2.

The potential for exposure to site contaminants could result from inhalation, ingestion,

or direct contact (skin absorption) with soils or waters contaminated with VOCs, PNAs or

metals.
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3.8.4 Hazard Communications Plan

The site hazard communications plan is intended to augment the site communications

procedures described in Section 3.5.1. The hazard communications plan consists of a series of

periodic meetings and/or briefmgs to update site personnel on the most current information on

site conditions, levels of PPE to be used, and other factors necessary to achieve project

objectives and protect the safety and health of site workers.

Health and Safety Site Orientation

All site investigation personnel shall be required to read this HASP and attend the Health

and Safety Site Orientation meeting. Documentation of attendees will be maintained as part of

project records. The HASP will accompany field personnel to the site and shall be maintained

at a location known to each individual working on-site.

The Project Manager or OSC will conduct a health and safety site orientation prior to the

initiation of field activities. The orientation will cover all aspects of this HASP. Particular

emphasis will be placed on a review of potential site contaminants and their potential health

effects; accident prevention; safe work procedures; precautionary measures; use of personnel

protective equipment; and emergency response procedures. Field staff are required to attend.

Health and Safety Briefmgs

The OSC or alternate will conduct a Health and Safety Briefmg on a routine basis.

Topics to be covered include personnel protective equipment, personnel and equipment

decontamination procedures, accident prevention, and any modifications or amendments to the

Health and Safety Plan. Field staff are required to attend. A Safety Meeting Summary Form

.documenting personnel attending each meeting will be maintained in project fIles.
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3.9 LEVELS OF PERSONAL PROTECTIVE EOUIPMENT

. Given the nature of work activities at contaminated sites, the use of personal protective

equipment (PPE) is intended to shield employees from exposure to hazardous and/or toxic

substances. The two basic objectives of a PPE selection program are to protect the wearer from

safety and health hazards, and to prevent injury to the wearer from incorrect use and/or

malfunction of the PPE. Since different levels of protective gear are needed at individual sites,

EPA has established four basic levels of protection; Level A, B, C, and D. The following

description of PPE protective levels was extracted from EPA's Standard Operating Safety

Guides. 1992.

Level A

Level A protection is required when the greatest potential for exposure to site hazards

exists, and when the greatest level of skin, respiratory and eye protection is required. Meeting

any of the following criteria warrants use of level A protection:

• Hazardous substances have been identified and require the highest
level of protection for skin, eyes, and the respiratory system;

• The atmosphere contains less than 19.5 percent oxygen;

• Site operations involve a high potential for splash, immersion, or
exposure to unexpected materials that are harmful to the skin;

• Operations are being conducted in confmed, poorly ventilated, and
the absence of hazardous substances has not yet been determined;
or

• Direct-reading instruments indicate high levels of unidentified
vapors or gases in the air.
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In addition it may be necessary to base the decision to use level A PPE based on indirect

evidence. Other conditions that may indicate the need for Level A protection include:

• Confmed spaces;

• Suspected or known highly toxic substances, especially when field
equipment is not available to test site concentrations; and

• Visible indicators such as leaking containers or smoking chemical
fires.

The use of level A PPE equipment is not anticipated for design-phase field exploration

activities at the McAllister Point landfill.

Level B

Level B protection is required under circumstances requmng the highest level of

respiratory protection, with a lesser level of skin protection. If any of the following criteria are

met, the use of Level B protection may be warranted:

• The type and atmospheric concentration of substances have been
identified and require a high level of respiratory protection, but
less skin protection than needed for Level A;

• The atmosphere contains less than 19.5 percent oxygen; or

• The presence of incompletely identified vapors and gases is
indicated but they are not suspected of being harmful to the skin.

The use of Level B protection does not afford as great a level of protection to the skin

and eyes as Level A, but it does provide a high level of respiratory protection. At most outdoor

sites, ambient vapor or gas levels are not typically high enough to warrant Level A protection.

Level B protection is often adequate.
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Although not anticipated to be used on-site, Level B protective equipment generally

includes the following:

• Hard Hat
• Chemically-resistant steel-toe and shank boots
• Disposable Tyvek coveralls with hood (coated for aqueous sampling)
• Inner and outer gloves (vinyl and neoprene, respectively)
• Positive pressure type self-contained breathing apparatus

Level C

Level C protection is required when the concentration and type of airborne substances

is known, and the criteria for using air purifying respirators is met. Meeting any of the

following criteria warrants use of Level C protection:

• The atmospheric contaminants, liquid splashes or other direct
contact will not adversely affect or be absorbed by the skin;

• The types of air contaminants have been identified, concentrations
do not exceed IDLH levels, and an air-purifying respirator is
available that can remove the contaminants; and

• Oxygen concentrations are not less than 19.5 % by volume, and job
functions do not require SCBA.

Level C protection is distinguished from Level B by the equipment used to protect the

respiratory system, assuming the same type of chemical-resistant clothing is used. The main

selection criteria for Level C is that atmospheric concentrations and other selection criteria

permit wearing an air-purifying respirator.

In general, Level C protective equipment which will be used at the site includes the

following:

• Hard Hat
• Chemically-resistant steel-toe and shank boots
• Disposable Tyvek coveralls with hood (coated for aqueous sampling)
• Inner and outer gloves (vinyl and neoprene, respectively)
• Full-face respirator with organic vapor cartridges and dust mist, and fume pre-fIlter.
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Level D

Level D is the minimum protection required. This level of protection is sufficient under

the following conditions:

• No contaminants are present, or they are present at concentrations
below 8-hour TLV levels; or

• Work operations preclude the potential for splashes, immersion, or
the inhalation of hazardous or toxic substances.

In general, Level D protective equipment which will be used at the site includes the
\

following:

• Hard Hat
• Chemically-resistant steel-toe and shank boots
• Disposable Tyvek coveralls with hood (coated for aqueous sampling)
• Inner and outer gloves
• Safety Goggles or splash-shield (only for aqueous sampling).

Specific work activities and initial levels of protection are discussed in Section 3.11.

3.10 MONITORING REOUIREMENTS

A specifically designated perso~ will be assigned the task of continuously monitoring for

organic vapor emissions during subsurface exploration activities. This person will use a flame

or photo-ionization detection (FID or PID) device such as an HNU or the Century OVA, and

LEL/Ozmeters (or equivalent) simultaneously for measuring potentially hazardous atmospheres.

The OVA, a flame ionization detection (FID) device, will be calibrated to hydrocarbon free air

and a known hydrocarbon once per day according to the procedures in TRC Technical Standards

T/S-990, Operation and Calibration of the Century Organic Vapor Analyzer Model OVA-128.

The LEL Meter will be calibrated ,once per day using Pentane (0.75% by volume in air)

according to TRC T/S-991. Operation and Calibration of the MSA Model 260 Combustible Gas

and Oxygen Alarm Meter. Both meters will provide real time readings, and a log will be kept

of these readings throughout the course of the environmental investigations.
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If airborne concentrations of flammable vapors exceed 10% of the lower explosive limit

(LEL) at the point of subsurface explorations no ignition sources will be permitted in the area.

Operations will be suspended, and corrective action taken (backfilling of the hole) if the airborne

flammable concentration reaches 25 % of the LEL at a distance of one foot from the point of

drilling or 10% of the LEL at a distance of greater than two feet.

3.10.1 Action Levels

The OSC shall use air monitoring equipment identified above (or equivalent) to monitor

organic vapors in. the breathing zone at the upwind boundary of the Exclusion Zone at the

beginning of each day, to establish a daily background reading.

The federal regulation 20 CFR Part 1910.120 (h)(2-3) indicates air monitoring is required

upon initial entry of the exclusion zone, and periodic monitoring shall be conducted when the

possibility of an immediately dangerous to life and health (IDUI) condition exists or when there

is an indication that exposures may have risen over permissible or published lirrtits since prior

monitoring. The air monitoring program which will be established at individual work areas on

site is intended to be consistent with these requirements.

The following general action levels are based on PID/FID breathing zone readings:

• 0 to 5 units above background: Level D
• 5 to 25 units above background for longer than one minute: Level C
• 25 units or greater for longer than one minute: discontinue operations. Make

arrangements to continue work in Level B protective equipment or use Level B
to retrieve/demobilize equipment.

The OSC may also make the decision to upgrade the PPE requirements, even ifpositive

PID/FID readings are not noted. This decision will be based on site conditions including visual

or sensory observation of soil or ground water contamination, or other site hazards.
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3.11 ACTIVITY SPECIFIC HEALTII AND SAFETY PROCEDURES

Activity-specific health and safety procedures are outlined in this section for two remedial

design site activities; general site procedures, and subsurface explorations. A list of pre-design

activities, suspected health risks and initial and backup PPE levels are provided on Table 3.

Modifications may be made to this HASP as site conditions vary, either naturally or

through the activities of the remedial investigation team. The plan may also need to be modified

as more detailed information about the site and its potential hazards becomes available. These

changes will be initiated by the OSC or Project Manager and will be reviewed and approved by

the Site Safety Director or his designee. Any modifications will be clearly marked on the on-site

copy of the HASP and explained to field personnel.

3.11.1 General Site Activities

Chemical and Physical Hazards

Site-specific activities which do not involve subsurface explorations (e.g. site

reconnaissances, land surveys, etc.) could result in the exposure of workers to contaminated

surface soils or vapors. Such an occurrence can lead to worker exposure via inhalation or

permeation through the skin (skin absOlption). However, in general, non-invasive activities do

not require direct contact with site soils and/or waters, and therefore exposures are anticipated

to be minimal.

Monitoring

The OSC shall use a photoionization detector (PID) or flame ionization detector (FID)

to monitor organic vapors in the breathing zone at the upwind boundary of the Exclusion Zone

at the beginning of each day, to establish a daily background reading.

The federal regulation 20 CFR Part 1910.120 (h)(2-3) indicates air monitoring is required

upon initial entry, and periodic monitoring shall be conducted when the possibility of an

immediately dangerous to life and health (IDLH) condition exists or when there is an indication

that exposures may have risen over permissible or published limits since prior monitoring. The

air monitoring program conducted for general site activities is intended to be consistent with

these requirements.
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Action Levels

Field work for general site activities will be initiated in Level D personnel protective gear

for those areas which background surface soil data indicates a low potential worker risk under

nonnal conditions. Based on the PID/FID readings in the breathing zone, or site condi~ions, the

OSC shall upgrade or downgrade PPE requirements as described below.

The following action levels are based on breathing zone readings:

• 0 to 5 units above background: Level D

• 5 to 25 units above background: Level C

• 25 units or greater: discontinue operations. Make arrangements to continue work
in Level B protective equipment or use Level B to retrieve/demobilize equipment.

The OSC may also make the decision to upgrade the PPE requirements, even if positive

PID/FID readings are not observed. This decision will be based on site conditions including

visual or sensory observation of soil or ground water contamination, or other site hazards.

Personnel Protective Equipment (PPE)

This section contains specific provisions for the use of Personnel Protective Equipment

(PPE). It shall be the responsibility of the OSC to make the detennination of the level of PPE

to be used by personnel within the Exclusion Zone. The decision of the OSC will be based on

previous environmental data and knowledge of the landfill, site monitoring, action levels, and

observed site conditions. Changes affecting the level of PPE defmed in the HASP will be at the

direction and approval of the Project Manager and/or Director of Health and Safety, except in

the case of an emergency during which time it will be the responsibility of the On-Site

Coordinator to modify PPE levels.
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Level D protection shall be used at the start of most field work. Level D protection shall

include use of the following items:

• work clothes;
• hard hat;
• work boots; and
• chemical protective gloves when collecting soil and water samples (solvex/nitrile).
• inner glove liners (latex/vinyl)

Level D protection may also include the use of a polycarbonate faceshield, attached to

the hard hat, in the event that potential splash conditions are present. Use of the splashguard

shall be at the discretion of the OSC.

An upgrade to Level C may be necessary if the concentration of VOCs detected in the

breathing zone of the workers exceeds the action level of 5 PID/FIO units, or if warranted by

other site conditions. Level C protection will include all of the PPE required for Modified Level

D plus appropriate respiratory protection. The specific respirator to be used for Level C

protection shall be a NIOSH-approved respirator with compatible cartridges. Respirator

cartridges will be changed at the first sign of break through, or daily at a minimum, when in

use.

Decontamination

Upon leaving the Exclusion Zone, personnel must undergo appropriate decontamination.

The nature of the decontamination requirem~nts will depend on the nature of the work conducted

and whether immediate re-entry into the Exclusion Zone is planned, or if complete egress from

the Exclusion Zone is intended. '0

The personnel decontamination requirements will also depend on the level of protection

used within the Exclusion Zone and the suspected degree of contamination. This area will be

located immediately outside the access opening of the Exclusion Zone on its apparent upwind

side. This area shall contain the decontamination stations necessary to allow rest breaks and

respirator cartridge changes (if appropriate), as well as for complete decontamination as required

for food and beverage breaks, or exiting the work area. Periodic air monitoring will be

conducted in t1}.e contamination reduction zone (decontamination area) when this area is used.
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Equipment decontamination will occur within the decontamination or contamination

reduction zone at each area. The following list outlines procedures to be employed for personnel

and equipment decontamination.

Level D - Personnel Decontamination Procedures - 9 Station

Level D - Station 1: Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths or in
different containers with plastic liners. Segregation at the drop station reduces
the probability of cross-contamination. During hot weather operations, cool down
stations may be set-up within this area.

Level D - Station 2: Outer Glove Removal

Remove outer gloves and deposit in a container with a plastic liner.

Level D - Station 3: Tyvek Removal:

With assistance of a helper, if needed, remove Tyvek coveralls. Deposit in a
container with a plastic liner.

Level D - Station 4: Inner Glove Wash:

Wash inner gloves with a decon solution.

Level D - Station 5: Inner Glove Rinse:

Rinse inner gloves with water.

Level D - Station 6: Inner Glove Removal:

Remove inner gloves and deposit in a container with a plastic liner.
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Level D - Station 7: Inner Clothing Removal (as needed):

Remove clothing soaked with perspiration and place in a plastic-lined container.

Level D - Station 8: Field Wash (as needed):

Shower if highly toxic, skin corrosive or skin absorbable materials are known or
suspected to be present. Wash hands and face, don't forget to wash behind your
ears.

Level D - Station 9: Re-Dress (as necessary):

Put on clean clothes.

Level C - Personnel Decontamination Procedures - 16 Station

Level C - Station 1: Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths or in
different containers with plastic liners. Segregation at the drop station reduces
the probability of cross-contamination. During hot weather operations, cool down
stations may be set-up within this area.

Level C - Station 2: Boot/Boot Cover and Glove Wash

Scrub outer boot covers and gloves with decon solution or detergent water.

Level C - Station 3: Boot/Boot Cover and Glove Rinse:

Rinse off decon solution from Station 2 with clean water.

Level C - Station 4: Tape Removal:

With assistance of a helper, ifneeded, remove tape from around boots and gloves
and deposit in a container with a plastic liner.
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Level C - Station 5: Boot Cover Removal:

Remove boot covers and deposit in a plastic lined container.

Level C - Station 6: Outer Glove Removal:

Remove outer gloves and deposit in a container with a plastic liner.

Level C - Station 7: Canister or Mask Change:

If worker leaves exclusion zone to change canister (or mask), this is the last step
in the decontamination procedure. Workers canister is exchanged, new outer
gloves and boot covers donned, and joints taped. Worker returns to duty.

Level C - Station 8: Safety Boot Removal:

Remove safety boots and place in area with plastic liner.

Level C - Station 9: Tyvek removal:

Remove equipment which would hinder Tyvek removal (Le. SCBA air tanks, re
breather packs, etc.). With the assistance of a helper if needed, remove Tyvek.
Deposit in a container with plastic liner.

Level C - Station 10: Inner Glove Wash:

Wash inner gloves with decon solution.

Level C - Station 11: Inner Glove Rinse:

Rinse inner gloves with water.

Level C - Station 12: Respirator Removal:

Remove respirator. Deposit in a container with a plastic liner. Avoid touching
face with fmgers.
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Level C - Station 13: Inner Glove Removal:

Remove inner gloves and deposit in a container with a plastic liner.

Level C - Station 14: Inner Clothing Removal (as needed):

Remove clothing soaked with perspiration and place in a lined container.

Level C - Station 15: Field Wash (as needed):

Shower if highly toxic, skin corrosive or skin absorbable materials are known or
suspected to be present. Wash hands and face.

Level C - Station 16:

Put on clean clothes.

Re-Dress (as necessary):

The personnel decontamination procedures for Level B protection are the same as for

Level C except Station 7 (where the word air tank is exchanged for canister) and Station 12

(where the word respirator is changed to a self contained breathing apparatus (SCBA)).

3.11.2 Subsurface Exploration Activities

This section describes the health and safety considerations for subsurface exploration

activities. Such activities would include site borings and vapor probe installations.

Chemical and Physical Hazards

Subsurface exploration activities may result in the exposure of workers to potentially con

taminated soils and ground water, washwater from decontamination of heavy equipment, and

vapors released from contaminated site media. Such an occurrence can lead to worker exposure

via inhalation, ingestion, and permeation through the skin (skin absorption).
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Monitoring

The OSC shall use a PID or FIn to:

• Monitor organic vapors in the breathing zone at the upwind boundary of the
Exclusion Zone at the beginning of each day, to establish a daily background
reading.

• Monitor organic vapors in the worker's breathing zone during active subsurface
explorations.

• Monitor the workers breathing zone at ftfteen-minute intervals or continuously
during active subsurface explorations, if elevated levels of organic vapors are
detected.

Other monitoring equipment will include an combustible gas/oxygen meter to monitor the

ambient air and downhole or pit vapors to monitor for explosive vapors and oxygen content.

Action Levels

Unless otherwise determined by the OSC, Modifted Level D protection shall be used at

the start of subsurface exploration tasks. Based on positive PID/FIn readings in the breathing

zone or site conditions, the OSC shall upgrade Personnel Protective Equipment (PPE)

requirements, as appropriate.

Action levels to be used for subsurface exploration activities are outlined in Section

3.11.1. Additional action levels for the combustible gas/oxygen meter are as follows:

A. If airborne concentrations of flammable vapors exceed 10 percent
of the lower explosive limit (LEL), no ignition sources will be
permitted in the area.

B. If ambient conditions exceed 25 percent of the LEL at a distance
of one foot from the source, or ten percent at a distance of two
feet or greater, then site operations will be halted and appropriate
corrective actions (upgrade of PPE, use of blowers or other
response equipment or abandonment of the exploration) will be
taken.
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Personnel Protective Equipment (PPE)

Based on site conditions and action levels described above, the OSC shall upgrade or

downgrade personnel protective requirements commensurate with site hazards. The OSC may

also make the decision to upgrade the PPE requirements, even if positive PID requirements are

not noted. This decision will be based on site conditions including visual or sensory

observations of potential contamination.

During subsurface exploration activities and well installation activities, an upgrade to

Modified Level D protection may be required. Necessary equipment for Modified Level D

protection will include that of Level D plus the additional PPE listed below:

• chemically resistant boots, PVC/rubber overboots, or disposable boot covers;
• Tyvek or equivalent jump suit (with ankles and wrists duct taped);
• chemically protective outer gloves (solvex/nitrile); and
• inner glove liners (latex/vinyl).

Ifodorous soils are detected during subsurface explorations the following procedures will

be employed:

• if PID or FlD readings of auger spoils are consistently above 5 PID units, the air
monitoring fr~uency will be increased; and,

• a change, if necessary, to the appropriate PPE will occur.

Exclusion Zone

In recognition of the increased risk of physical injury and exposure to chemical

contaminants during subsurface investigation activities, an exclusion zone of a minimum of

approximately 25 feet shall be established around exploration equipment (i.e., drill rig,

backhoe). Nonessential personnel shall be prohibited from entering the exclusion zone. All

personnel entering the exclusion zone will be required to wear appropriate personnel protective

equipment.
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Decontamination

A separate area will be designated for the decontamination of heavy equipment. A steam .•

generator will be used to clean the under-carriage, wheels, track, and drill derrick between

borings, as necessary. A shallow pit will be dug and lined with two 10 to 12 mil thick, nylon

reinforced polyethylene plastic taIps where the vehicles will be parked during decontamination

operations.

To minimize spreading potentially contaminated soil, a gross decontamination of the

downhole tools and rig will take place at the individual sites prior to transporting them to the

decon area. This will involve on-site removal of loose soil from the tools and rig, and

containerizing tools in the back of a truck (e.g. wrap in plastic) while transporting them to the

decon pit.

An attempt will be made to coordinate an exploration sequence hierarchy from less likely

to more likely contaminated locations to reduce the potential for cross-contamination between

locations. Decontamination rinsates will be collected and contained in drums for subsequent

determination ofproper handling and/or disposal as described in the Investigation-Derived Waste

Plan provided as Appendix B.

3.12 EMERGENCY INFORMATION

Prior to commencing site operations, the TRC OSC will review and communicate general

emergency preparedness and planning procedures to on-site personnel. Such procedures will

include a discussion of evacuation and rescue plans/routes, emergency assistance, and the

location of site communication and emergency (e.g. fIrst aid) equipment.

The Newport Hospital is the closest medical facility other than the emergency services

available through the NETC Fire/Ambulance Department. A map indicating the location and

likely quickest route to this center is provided as Figure 8.
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3.12.1 Emergency Response Plan

All hazardous waste site activities pres~nt a degree of risk to on-site personnel. During

routine operations, risk is minimized by establishing good work practices, staying alert, and

using proper personnel protective equipment. Unpredictable events such as physical injury,

chemical exposure, or fIre may occur and must be anticipated.

Emergency conditions are considered to exist if:

• Any member of the fIeld crew is involved in an accident or
experiences any adverse effects or symptoms of exposure while on
site; or

• A condition is discovered that suggests the existence of a situation
more hazardous than anticipated.

Prior to conducting fIeld work, the TRC Project Manager and OSC will implement the

following general emergency/safety procedures. The implementation will consist of including

the following considerations in project planning, as well as site-specific briefmg sessions for

fIeld team members.

• In the event of an emergency, the TRC and NETC emergency
contacts identified in Table 4 shall be notified. A list containing
emergency service phone numbers and a route map to the closest
medical facility will be posted conspicuously and will be readily
available at the site.

• Personnel on-site should use the "buddy"system (e.g. work in
pairs). Buddies should prearrange hand signals or other means of
emergency signals for communication in case of lack of, or trouble
with, site communication equipment.

• Visual contact should be maintained between personnel on-site.
Field teams will remain in close proximity to assist each other in
case of emergencies.

• TRC fIeld crews will use FM radios to maintain routine
communication and for emergencies.
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• In the event that a member of the field crew experiences adverse
effects or symptoms of exposure while on the scene, the entire
field crew should immediately halt work and act according to the
instructions of the OSC.

• The discovery of any condition that would suggest the existence of
a situation, or task, more hazardous than anticipated should result
in a cessation of work activities at the site. The situation or task
may then be re-evaluated and the level of personnel protection
modified, if necessary, prior to resuming work.

• In the event that an accident occurs, the OSC will complete an
Accident Report Form (see Appendix E). The project manager
will be notified and appropriate action will be taken by the 6sc
to correct the situation that caused the accident.

• Field crew members must stay alert to evidence of potentially
hazardous conditions such as strong or irritating odors or evidence
of the presence of buried wastes (e.g. drums, etc.).

• Personnel should practice unfamiliar operations prior to performing
the actual procedure in the field.

• Field crew members shall be familiar with the physical
characteristics of the site, including:
- wind direction in relation to contaminated areas;

accessibility to associates, equipment, vehicles, and
communication equipment;
- exclusion zones;
- site access restrictions;
- nearest water source.

• Personnel and equipment in the contaminated area shall be kept to
the minimum requirements necessary to complete the task-at-hand.

Roles of Personnel in Emergencies

The TRC OSC or designee will always be on-site, or will be available immediately by

telephone or FM radio. The OSC will take appropriate action to ensure efficient and expeditious

handling of emergency situations.
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Specific roles of personnel at the site include the following:

• Site workers - use "buddy" system and follow procedures outlined
in this plan. Contact OSC immediately if an emergency arises.

• OSC - role as described above.

• NETC or NORTHDIV OSC - work with TRC OSC at start of
project to develop emergency response procedures. Coordinate
NETC or Navy personnel and contractor personnel, ifappropriate,
in responding to the emergency.

• TRC Project Manager - ensure emergency response procedures
outlined in this plan receive high priority ,and are effectively
implemented.

• TRC Health and Safety Director - work with project manager and
OSC to provide support as needed.

3.12.2 Emergency Response Plan - Specific Incidents

First Aid - General

All injuries, no matter how slight, shall be reported to the OSC immediately. A TRC

accident report form (Appendix E) will be filled out for all accidents. Project personnel will be

instructed on the location of the fITst aid station, hospital, doctor and ambulance service near the

job. The emergency phone numbers will be conspicuously posted in the site trailer. First aid

supplies will be available in the site command vehicle on-site. At those areas where a restricted

zone is established, the supplies will be located between restricted and non-restricted areas so

as to be readily accessible to all site personnel.

Medical advice and procedures directed by doctors, nurses, and fIrst aid attendants will

be followed. No person shall attempt treatment of injuries except as directed below for bums

or for injuries requiring immediate attention.
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Burns

Immediately treat acid, caustic and thennal burns by rinsing in cold water, then report

promptly to the OSC, or designee. Movement of injured persons will be avoided unless the

injured person is in immediate danger.

Chemical Exposures

Exposure to chemicals may be divided into two general categories:

• Injuries from direct contact, such as acid burns or inhalation of
toxic chemicals; and

• Potential injury due to gross contamination on clothing or
equipment.

For inhaled contaminants, treatment shall be by qualified physicians. If the contaminant

is on the skin or in the eyes, immediate measures must be taken to counteract or dilute the

substance's effects. First aid treatment usually includes flooding the affected area with water

for at least 15 minutes; however, for a few chemicals, water may cause more severe problems.

When protective clothing is grossly contaminated, contaminants may be transferred to

treatment personnel or the wearer and cause injuries. Appropriate precautions (e.g. wrap

contaminated person in a blanket) will be taken to protect emergency personnel for contaminants,

as warranted.

Physical Injury

Physical injuries can range from a sprained ankle to a compound fracture, from a minor

cut to massive bleeding. Depending on the seriousness of the injury, treatment may be given

at the site by trained response personnel. For more serious injuries, additional assis.tance may

be required on-site or the victim may have to be treated at a medical facility.

Life-saving care should be instituted immediately for physical injuries without

consideration of personnel decontamination. The outside gannents can be removed if they do
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not cause delays, intetfere with treatment, or aggravate the problem. Respirator assemblies must

always be removed. Chemical-resistant clothing can be cut away.

For non-life threatening cases, the individual should be wrapped in plastic, rubber, or

blankets to help prevent contaminating medical personnel and the inside of the ~bulance.

Outside garments are then removed at the medical facility. No attempt should be made to wash

or rinse the victim at the site. One exception would be if it is known that the individual has

been contaminated with an extremely toxic or corrosive material which could also cause severe

injury to emergency personnel. For minor medical problems or injuries, the normal

decontamination procedure should be followed.

Emergency Decontamination

Emergency decontamination procedures include the following:

• Another team member shall remove the individual from the
immediate area of contamination.

• Precautions shall be taken to avoid exposure of emergency
personnel to the chemical.

• If contaminants are on the individuals clothing, the clothing shall
be removed, if it is safe and prudent to do so.

• If the contaminant has contacted the skin, the skin shall be washed
with copious amounts of water, preferably under a shower for at
least 15 minutes.

• In case of eye contact with the contaminant, an emergency eye
wash apparatus shall be used.

• If necessary, the victim shall be transported to the nearest hospital
or medical center. If necessary, an ambulance will be called to
transport the victim.

• All chemical exposure incidents will be reported in writing by the
OSC on an Accident Report Form (see Appendix E).
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Under certain circumstances, decontamination may aggravate or cause more serious

health effects. Ifprompt life-saving fIrst aid and medical treatment is required, decontamination

procedures will be omitted. Whenever possible, TRC personnel shall accompany contaminated

victims to the medical facility to advise medical personnel on matters involving the nature of the

exposure.
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4.0 EVALUATION OF ARARS

4.1 INTRODUCTION

A description of the cap at the McAllister Point Landfill is provided below prior to

identifying the ARARs applicable to the design of a cap.

As described in the fmal McAllister Point Proposed Plan a multi-layer cap would be

placed over the landfill area to limit the amount of inftltration and thereby minimize leachate

production. The cap would cover approximately 10.5 acres, encompassing the landfill area at

McAllister Point, including identified areas of ash, construction debris and domestic waste

disposal. The cap would be designed to meet or exceed Resource Conservation and Recovery

Act (RCRA) guidance as described in the USEPA documents, Technical Guidance Documen~:

Final Covers on Hazardous Waste Landfills and Surface Impoundments (USEPA, 1989) and

Design and Construction of RCRA/CERCLA Final Covers (USEPA, 1991), and in accordance

with accepted engineering design practices. Site-specific factors will be considered in

determining an effective cap design. A typical cover system is composed of a vegetative and

protective layer, a drainage layer, an upper barrier layer consisting of a synthetic membrane,

and a lower barrier layer consisting of a low permeability soil barrier. An optional gas vent

layer may be placed below the lower barrier layer, if determined to be appropriate during the

landfill gas management system evaluation.

4.2 ARARs IDENTIFICATION AND ANALYSIS

This remedy will attain all Applicable or Relevant and Appropriate federal and state

requirements (ARARs) that apply to the McAllister Point Landfill site and this remedial action.

Environmental laws from which ARARs for the selected source control remedial action are

derived, and the specific ARARs are summarized below.
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4.2.1 Chemical-Specific ARARs

No chemical-specific ARARs are applicable to the selected remedial action.

4.2.2 Location-Specific ARARs

• Executive Order 11988 and 11990; Statement on Proceedings of
Floodplain Management and Wetlands Protection (40 CFR 6, Appendix
A)

• Clean Water Act Section 404 (40 CFR 230.10) Requirements for
Discharge of Dredge of Fill Material

• Rivers and Harbors Act (Section 10) Prohibition of Filling a Navigable Water

• Fish and Wildlife Coordination Act of 1958 (16 U.S.C. 661) Protection
of Wildlife Habitats

• Endangered Species Act of 1973 (16 U.S.C. 1531) Protection of Endangered
Species

• National Historic Preservation Act of 1966 (16 U.S.C. 470, et seq.)
Protection of Historic Lands and Structures

• Archaeological and Historic Preservation Act of 1974 (132 CFR
229 & 229.4, 43 CFR 7 & 7.4); Historic Sites, Building and
Antiquities Act

• Rhode Island Wetlands Laws (RIGL 2-1-18 et seq.); Rhode Island Department of
Environmental Management Rules Governing the Enforcement of the Freshwater
Wetlands Act - as amended Dec. 21, 1986

• Rhode Island Coastal Resources Management Law (RIGL, Title 46,
Chapter 23) and Regulations
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4.2.3 Action-Specific ARARs

• RCRA (40 CFR 264) Subtitle C Requirements:

40 CFR 264.10-264.18 Subpart B - General Facility Standards
40 CFR 264.30-264.37 Subpart C - Preparedness and Prevention
40 CFR 264.50-264.56 Subpart D - Contingency Plan and Emergency
Procedures
40 CFR 264.90-254.101 Subpart F - Ground Water Protection
40 CFR 264.110-118 Subpart G - Closure/Post Closure Requirements
40 CFR 264.301-264.310 Subpart N - Landfill Requirements

• Migratory Bird Treaty Act (16 U.S.C. 703-712)

• Clean Water Act Section 404 (40 CFR 230.10) Requirements for Discharge of
Dredged or Fill Material

• Rivers and Harbors Act (Section 10) Prohibition of Wetland Filling

• Clean Air Act:
Section 5 171 through 178, 42 USC §§ 7471-7478 (Requirements for
Non-Attainment Areas)
Section 5 160 through 169A - Prevention of Significant Deterioration
Provisions

• Clean Water Act (40 CFR 122-125) National Pollutant Discharge Elimination
System (NPDES) Permit Requirements

• RI Hazardous Waste Management Act of 1978 (RIGL 23-19.1 et seq.) Hazardous
Waste Management Rules and Regulations and Proposed Amendments:

Section 7
Section 8
Section 9
Section 10
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• RI Clean Air Act (RIGL, Title 23, Chapter 23) General Air Quality and Air
Emissions Requirements

RI Air Pollution Control Regulations, RI Dept. of Health, Div. of Air
Pollution Control, effective 8/2/67, amended 5120/91

Regulation No.1 - Visible Emissions
Regulation No. 5 - Fugitive Dust
Regulation No.7 - Emissions Detrimental to Person or Property
Regulation No. 15 - Control of Organic Solvent Emissions
Regulation No. 17 - Odors
Regulation No. 22 - Air Toxics

• RI Water Pollution Control Act
RI Water Quality Regulations for Water Pollution Control (RIGL 46-12
et seq.)
RI Regulations for the Pollutant Discharge Elimination System (RIPDES)
(RIGL 46-12 et seq.)

The following action-specific policies, criteria and guidelines were also considered:

• RCRA Proposed Rule 52 FR 8712 - Proposed Amendments for Landfill Closures

• EPA Technical GuidaDce Document: Final Covers on Hazardous Waste Landfills
and Surface Impoundments (EPA 530-SW-89-047)

• Clean Air Act (40 CFR 50) New Source Performance Standards (NSPS) Proposed
Subpart WWW 56 FR 24468-24528 (5/30/91)

• Clean Air Act (40 CFR 61) National Emissions Standards for Hazardous
Pollutants (NESHAPS)

Federal Location-Specific Regulations - The federal location-specific regulations that

apply to the selected remedy are mainly based on the site's location adjacent to Narragansett

Bay..Executive Orders 11988 and 11990 require the avoidance, wherever possible, of long- and

short-term impacts associated with the destruction of wetlands and the occupancy and

modifications of floodplains and wetlands whenever there is a practicable alternative. Similarly,

Section 404 of the Clean Water Act prohibits the discharge of dredged or fill material to a water

of the United States if there is a practicable alternative which poses less of an adverse impact
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or if it causes significant degradation of the water. The Rivers and Harbors Act prevents filling

of a navigable water. The Fish and Wildlife Coordination Act of 1958 requires consultation

with federal and state conservation agencies during planning and the decision-making process

for any action which may impact water bodies, including wetlands, as well as consideration of

prevention, mitigation or compensation measures. These standards are applicable to ~ap

construction and slope protection activities which impact wetland, floodplain or coastal areas.

Remedial designs will be developed to minimize adverse impacts to these areas. If adverse

impacts to wetland areas cannot be avoided as part of the selected remedy, appropriate mitigating

actions will be taken.

The Endangered Species Act of 1973 is a potential ARAR for activities which could

impact endangered or threatened wildlife species. An environmental assessment conducted

during the Phase IT RI, prior to cap construction, will determine if endangered species inhabit

the site. The National Historic Preservation Act of 1966 and the Archaeological and Historic

Preservation Act of 1974 govern the preservation of historic, scientific and archaeological sites.

Remedial actions must be coordinated with preservation agencies and societies to minimize loss

of significant scientific, prehistoric, historic or archaeological data.

State Location-Specific Requirements - The state location-specific regulations that apply

to the selected remedy are based on the site's location adjacent to Narragansett Bay. The Rhode

Island Wetlands Laws defme and establish provisions for the protection of swamps, marshes and

other freshwater wetlands. The Rhode Island Coastal Resources Management Law and

Regulations set standards and regulations for the management and protection of coastal

resources. These standards are applicable to cap construction and slope protection activities

which impact wetland and coastal areas. Remedial designs will be developed to minimize

adverse impacts to these areas. If adverse impacts to wetland areas cannot be avoided as part

of the selected remedy, appropriate mitigating actions will be taken.
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4.2.4 Federal and State Hazardous Waste Regulations

The applicability of RCRA and Rhode Island Hazardous Waste Management Regulations

depends on whether the wastes are RCRA-hazardous wastes as defmed under these regulations.

To date, there is no fIrm evidence available to indicate that RCRA-regulated materials were

disposed of at the McAllister Point Landfill site. However, because toxic constituents are

present in the waste materials and ground water, many portions of the federal and state

hazardous waste regulations are relevant and appropriate to the selected remedy.

The substantive requirements of RCRA General Facility Standards, Preparedness and

Prevention, and Contingency Plan and Emergency Procedures will be attained during remedial

construction activities. RCRA Subpart F - Ground Water Protection stipulates ground water

monitoring and corrective action requirements and establishes points of compliance. A ground

water monitoring program will be implemented which will adhere to these requirements.

Sections of Subpart G (Closure and Post-Closure Requirements) and Subpart N (Landfills) which

defme landfill closure requirements are relevant and appropriate to the capping and long-term

monitoring of the site. RCRA Proposed Amendments for Landfill Closures and EPA Technical

Guidance on Final Covers on Hazardous Waste Landfills and Surface Impoundments will be

considered in the fmal design of the cap and development of the post-closure monitoring plan.

Section 404 of the Clean Water Act will affect the design of the fmal cover, as discussed

previously under the Location-Specillc requirements.

Landfill cap construction and closure monitoring will be conducted in accordance with

the applicable portions of Sections 7, 8, 9 and 10 of the Rhode Island Hazardous Waste

Management Rules and Regulations and Proposed Amendments.

Portions of Section 5 of the Clean Air Act may be applicable or relevant and appropriate

to the venting of landfill gas from the site. Monitoring and modeling would be required to

determine if these requirements are applicable or relevant and appropriate. Venting of landfill

gases will also be conducted in accordance with Regulations 1, 5, 7, 15, 17 and 22 of the Rhode

Island Air Pollution Control Regulations.

Clean Water Act NPDES requirements and Rhode Island Water Quality Regulations for

Water Pollution Control and RIPDES requirements will be applicable to the discharge of storm

water from the site. A storm water monitoring program will be developed to meet these

requirements during cap design activities.
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5.0 PRE-DESIGN QUALITY ASSURANCE/QUALITY CONTROL PLAN

5.1 INTRODUCTION

This Quality Assurance Project Plan (QAPP) has been developed for use in conjunction

with pre-design field sampling activities at the McAllister Point Landfill site in Middletown,

Rhode Island. Navy policy calls for following EPA guidance and procedures while conducting

investigations and remedial action at all Navy waste sites. The pre-design sampling program is

designed to meet all applicable guidance for Superfund, RCRA, and the Navy IR program.

The QAPP serves as a controlling mechanism during field sampling, sample laboratory

analysis, and data validation to ensure all data collected are valid, reliable, and

legally-defensible. The QAPP outlines the organization, objectives, and Quality

Assurance/Quality Control (QAlQC) activities which will ensure achievement of desired data

quality goals.

5.2 PROJECT SCOPE

The objective of the pre-design field sampling activities are to gather sufficient

information on the nature of site geotechnical and landfill gas conditions to allow adequate

consideration of these issues during the design of a cap for the site.

The field activities and the associated sample matrices and analyses are discussed in

Section 2.0 of this Work Plan. The sample program makes extensive use of Target Compound

List (TCL) and Target Analyte List (TAL) analyses 'using EPA-CLP protocols, as defmed in the

USEPA Contract Laboratory Program (CLF) Statement of Work (SOW) for Organic Analysis;

Multi-Media, Multi-Concentration; SOW No. 3/90; revised July 1991, and in the USEPA CLP

SOW for Inorganic Analysis; Multi-Media, Multi-Concentration; SOW No. 3/90; revised

September 1991. These EPA CLF requirements will be followed during this study. Naval

Energy and Environmental Support Activity (NEESA) guidance (Sampling and Chemical

Analysis Ouality Assurance Requirements for the Navy Installation Restoration Program,

NEESA 20.2-047B, 1988) for Level D analyses will also be followed by the laboratory. Where

EPA-CLP protocols and NEESA guidance differ, the more stringent requirements will be

followed.
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5.3 PROJECT ORGANIZATION AND RESPONSIBILITIES

This project will be largely perfonned by TRC Environmental Corporation personnel.

Project review will be perfonned by a Technical Review Committee assembled by the Northern

Division. The names and addresses of select individuals involved in the project review and

oversight appear below.

u.s. Navy - NORTHDIV

• Northern Division Code 1823
Naval Facilities Engineering Command
10 Industrial Highway, Mail Stop #82
Lester, PA 19113

Mr. James Briggs, Design Manager
(215) 595-0590
Mr. Francisco LaGreca, Engineer-In-Charge
(215) 595-0567 '-..

• Naval Education and Training Center
Public Works Dept., Bldg. 1
Newport, RI 02841

U. Jeffrey Borowy
Mr. Brad Wheeler
(401) 841-3735

TRC Environmental Corporation

• 5 Waterside Crossing
Windsor, CT 06095

Mr. Robert C. Smith, P.E., Program Manager
Mr. Carl St9Pper, P.E., Design Project Manager
(203) 289-8631

u.s. Environmental Protection Agency

• Region I
Federal Facilities Section
90 Canal Street, 2nd Floor
Boston, MA 02203

Mr. Andrew Miniuks, Remedial Project Manager
(617) 573-9614
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Rhode Island Department of Environmental Management

• Air and Hazardous Materials Division
291 Promenade Street
Providence, RI 02908

Mr. Paul Kulpa
(401) 277-2797

The responsibilities of TRC's Project Manager and QA/QC staff are briefly described

below.

Project Manager's ReSj>onsibility

The TRC Project Manager will provide overall direction to the project team, and will be

held responsible for successful project completion. The Project Manager will be the primary

contact for the Northern Division's Engineer-In-Charge (ElC).

OA Manager's Responsibility

TRC's Corporate QA Manager will be the responsible Quality Assurance Officer for this

project. The QA Manager reports independently to the Corporate President and, hence, has full

authority to act independently from the technical line management structure. He will serve as

TRC's primary contact with the Northern Division's QA staff, if so requested by the EIC. He

will monitor compliance of the project with the project plan, and perform any necessary

performance or system audits. The TRC QA Manager will initiate and monitor any necessary

formal corrective actions.

Field OC Coordinator's Responsibilities

A Field QC Coordinator will be selected for this project. The Field QC Coordinator will

work with the field team in preparing for the sampling events, and also during the field work.

He or she will be on site to ensure required QC procedures are followed for sample collection

and handling; will initiate informal and/or formal corrective actions, as necessary; and will

maintain and report QC records and results to the TRC Project Manager and QA Manager. The
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QC field coordinator will also serve as the QA/QC Manager for the project. This person will

be responsible for ensuring all analytical deliverables have been received in accordance with this

QAPP.

LaboratOlY OC Coordinator

The analytical laboratory selected for this project, a NEESA-approved and EPA CLP

laboratory, will also designate a QC Coordinator who will function as part of the project QC

team. The duties of the laboratory QC Coordinator or designee will include, at a minimum, the

following:

• Direct preparation of sample containers;

• Direct preparation and inclusion of blind QC samples in sample load in a
fashion unrecognizable to analysts;

• Monitor use of known QC samples, blanks and duplicates, as required by
specific projects;

• Maintain records of performance on known and blind QC samples as a
measure of analytical precision and accuracy (control charts, etc.); and

• Direct and monitor recordkeeping and sample tracking activities.

5.4 OUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall quality assurance objective for laboratory analysis of environmental samples

is to provide a laboratory QA/QC program that is, at a minimum, equal to the U.S. EPA

Contract Laboratory Program (CLP). The quality controllirnits of accuracy and precision for

laboratory analyses are governed by the methods and equipment used. Laboratory QA/QC

requirements defmed in CLP protocol are designed to ensure that acceptable levels of data

accuracy and precision are maintained throughout the analytical program. These requirements

are detailed in the U.S. EPA CLP Statement of Work (SOW) for Organic Analysis;

Multi-Media, Multi-Concentration; SOW No. 3/90; revised August 1991 and in the U.S. EPA

CLP SOW for Inorganic Analysis; Multi-Media, Multi-Concentration; SOW No. 3/90; March

1990. These requirements will be followed during this study.
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It must be recognized that QA objectives may be attainable only for samples that are

homogeneous and do not have inherent matrix-related problems. In the event that QA objectives

cannot be met on specific samples, groups of samples or sample types, the analytical laboratory

will make every reasonable effort to determine the cause of non-attainment and, if such is due

to instrument malfunction, operator error, or other identifiable cause within the control of the

laboratory, the samples affected will be reanalyzed, if possible. Should non-attainment of QA

objectives be due to sample inhomogeneity, sample matrix interference, or other sample-related

causes, reanalyses will be treated as additional analyses.

For many EPA-approved methods, interlaboratory method verification studies have been

used to establish QC criteria which may be regarded as an inherent part of the method. In those

cases, such criteria will take precedence except for deviations from such criteria that can be

reasonably attributed to sample-related cases.

The quality assurance objectives for all measurement data include considerations of

precision, accuracy, completeness, representativeness, and comparability as described below.

5.4.1 Precision and Accuracy

The precision of a measurement is an expression of mutual agreement of multiple

measurement values of the same property conducted under prescribed similar conditions.

Precision reflects the repeatability of the measurement. Precision is evaluated most directly by

recording and comparing multiple measurements of the same parameter on th~ same sample

under the same conditions. Precision is usually expressed in terms of the standard deviation.

The precision objectives for analytical parameters are specified.in th~ CLP protocols.

The degree of accuracy of a measurement is based on a comparison of the measured

value with an accepted reference or true value, or is a measure of system bias. Accuracy of an

analytical procedure is best determined based on analysis of a known or "spiked" sample

quantity. The degree of accuracy and the recovery of analyte to be expected for the analysis of

QA samples and spiked samples is dependent upon the matrix, method of analysis, and

compound or element being determined. The concentration of the analyte relative to the

detection limit is also a major factor in determining the accuracy of the measurement. Except

as otherwise specified by a method, the QC objective for accuracy under this project will be 75

to 125 percent (percent recovery), as determined by sample spike recoveries. Alternately,
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accuracy may be assessed through the analyses of appropriate standard reference materials,

certified standards, or samples, as available.

5.4.2 Completeness

Completeness is a measure of the amount of valid data obtained from the measurement

system relative to the amount anticipated under ideal conditions. This project's QC objective

for completeness, as determined by the percentage of valid data generated, will be 2..90 percent.

5.4.3 Rwresentativeness

Samples taken must be representative of the population. Where appropriate, the

population will be statistically characterized to express: 1) the degree to which the data

accurately and precisely represent a characteristic of a population, 2) parameter variations at a

sampling point, and 3) a process, or an environmental condition. Sample selection and handling

procedures will be conducted to obtain the most representative sample possible. Sampling

devices will be decontaminated between sampling points to ensure that cross-contamination does

not occur between samples.

Representative samples will be collected through the following actions:

• Collect samples from locations fully representing the site conditions;
• Use appropriate sampling procedures and equipment;
• Use appropriate analytical methodologies; and
• Analyze for appropriate parameters using appropriate detection limits.

Field duplicate and blank samples, as well as trip blank samples will not be collected or

prepared, as part of this project. Sampling locations and procedures are intended to assure

collection of representative samples.

The laboratory will make appropriate efforts to assure that the samples are adequately

homogenized prior to taking aliquots for analysis, so reported results represent samples received.
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5.4.4 Comparability

Consistency in sample acquisition, handling, analysis and level of QA/QC is necessary

so that the analytical results may be compared. Where appropriate, the results of the analyses

will be compared with the results obtained in previous studies. The laboratory will also use

EPA-approved methods and reporting units, in order to assure that the data will be comparable

to other similarly generated data sets.

5.5 SAMPliNG PROCEDURES

The following matrices will be sampled during the field investigation portion of the

design of the McAllister Point Landfill cap: soil, sediment, and landfill gas. Sample collection

and monitoring methodology are presented in Appendix A of this Work Plan. These procedures

will be implemented in order to collect representative data for pre-design planning guidance.

5.5.1 Sample Collection. Handling. and Shipping

It is important to ,use appropriate sample containers so that no chemical alteration occurs

between the collection of samples in the field, and the receipt of samples at the laboratory. The

sample bottles will be prepared and shipped to the field by the laboratory, under the direction

of the laboratory QC coordinator. The sample bottles will be transported to the site within a

sealed shipping cooler.

Sample containers will be selected to ensure compatibility with the potential contaminants

and to minimize breakage during transportation. Sample containers, analytical methods and

preservation required are listed in Table 5 for soil, sediment, and landfill gas samples. Holding

times are further defmed in Table 6.

Sample labels will be filled out at the time of sampling and will be affixed to each

container to identify the sample number, collector's name, date and time of collection, location

of the sampling point, preservatives added, and analyses requested for the sample.

After the bottles for a given sample site have been filled, they will be placed in a

shipping cooler. Field personnel will add bags of crushed ice or ice packs to the shipping

coolers as the samples are collected. Each sample container will be cushioned with packing

materials and sealed in a refrigerated cooler container for shipment to the laboratory by
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overnight delivery. Daily sample collection activities will be scheduled in order to assure

overnight delivery of samples.

A chain-of-custody record will be prepared and will accompany all samples to provide

documentation of all samples collected and to trace sample possession. Chain-of-custody

procedures are discussed in detail in Section 5.6.

5.5.2 Field Equipment Decontamination Procedures

Drilling equipment will be decontaminated prior to use at the McAllister Point Landfill.

Decontamination of drill rigs and drilling equipment (e.g., augers, rods) will be conducted upon

completion of all field work at designated decontamination areas with a steam cleaner.

Decontamination of sampling equipment will be performed at designated decontamination areas.

Sampling equipment such as hand augers, stainless steel spoons or spatulas, and stainless steel

mixing bowls will be decontaminated using the following procedures:

• Wash and scrub with low phosphate detergent in tap water;

• Rinse with tap water;

• Rinse with 10% nitric acid (1 % nitric acid on carbon steel split-spoons);

• Rinse with tap water;

• Rinse with hexane and methanol - pesticide grade solvents or better;

• Rinse with distilled water (demonstrated to be analyte-free);

• Air dry - on clean polyethylene sheeting; and

• Wrap in aluminum foil, shiny side out for transport (if not being used
immediately) .

NOTE: Clean equipment may rest on -- but never be wrapped in clean polyethylene sheeting.

An attempt will be made to coordinate a drilling sequence hierarchy from less likely to more

likely contaminated boring locations to reduce the potential for cross-contamination between

locations. Sampling equipment will be decontaminated prior to use at each sampfuig location.
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Decontamination rinsates will be collected and contained in drums for subsequent

detennination of proper handling and/or disposal as outlined in the Investigation Derived Waste

Plan provided as Appendix B.

5.6 SAMPLE CUSTODY

Sample custody procedures will be observed to ensure the validity of the data generated

during this program. Sample chain-of-custody will be initiated with selection and preparation

of the sample containers. To reduce the chance for error, the number of personnel handling

samples will be restricted, and one person will be assigned the responsibility of field sample

custodian.

On-site monitoring data will be controlled and entered daily in pennanent log books, as

appropriate.. Personnel involved with the sample chain-of-custody process will be trained in

sample collection and handling procedures prior to project initiation.

Sample custody and documentation procedures described in this section will be followed

throughout all sample collection activities at NETC-Newport. Components of sample custody

procedures include the use of field notebooks, sample labels, and chain-of-custody fonns.

5.6.1 Field Notebooks

The TRC project manager will oversee the maintenance of field notebooks. Field notebooks

will be bound books, preferably with consecutively numbered pages, that are at least 4 inches

x 7 inches in size. Field notebooks will be maintained by the TRC field team leader and other

team members to provide a daily record of significant events, observations, and measurements

during the field investigation activities. Notebook entries will be signed and dated.

Infonnation pertinent to the field survey and/or sampling will be recorded in the notebooks.

Field notebook entries will include the following infonnation (at a minimum):

• Name and affiliation of field contact;
• Name and title of author, date and time of entry, and physical!

environmental conditions during field activity;
• Names of field crew;
• Names and titles of any site visitors;
• Type of sampling activity;
• Location of sampling activity;
• Description of sampling point(s);
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Date and time of sample collection;
Sample media (e.g., soil, sediment, ground water, etc.);
Sample collection method; .
Number and volume of sample(s) taken;

• Analyses to be performed;
• Sample preservatives;
• Sample identification number(s);
• Field observations;
• Any field measurements made such as Ph, temperature, conductivity,

water level, etc.;
• References for all maps and photographs of the sampling site(s); and

Original data recorded in either the field notebooks, on sample labels, or in the

chain-of-custody records will be written with watetproof ink. None of these accountable,

serialized documents will be destroyed or discarded, even if they are illegible or contain

inaccuracies.

If an error is made on an accountable document assigned to an individual, that individual

will make all corrections by crossing a line through the error and entering the correct

information and initialing the cross-out. The erroneous information will not be obliterated. Any

subsequent error discovered on an accountable document will be corrected by the person who

made the entry, and will be initialed and dated, as appropriate.

5.6.2 Sample Labels

Samples obtained at the site will be placed in an appropriate sample container for

preservation prior to shipment to the laboratory. Each sample will be individually identified

with a separate identification label recorded with a unique sample identifier. The information

recorded on the label will include:

• Project name/project number/location;
• Sample identifier/number;
• Analysis to be performed;
• Preservatives used, especially any non-standard types, and any other field

preparation of the sample;
• Date of collection;
• Number of containers per analyte (Le., 1 of 2, etc.); and
• Sampler's initials.
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5.6.3 Custody Seals

Samples will be placed in sample coolers and the coolers will be sealed with custody seals

prior to shipment to the laboratory. Clear adhesive tape will be placed over the seals to ensure

that seals are not accidentally broken during shipment.

5.6.4 Chain-of-Custody Records

All samples will be accompanied by a chain-of-custody record, an example of which is

shown on Figure 9. A chain-of-custody record will accompany the sample from initial sample

container selection and preparation commencing at the laboratory, to the field for sample

containment and preservation, and through its return to the laboratory. If samples ~e split and

sent to different laboratories, a copy of the chain-of-custody record will be sent with each

sample.

The "Remarks" column in the chain-of-custody record will be used to record specific

considerations associated with sample acquisition such as: sample type, container type, and

sample preservation methods. When transferring samples, the individuals relinquishing and

-assuming sample custody will sign, date, and note the transfer time on the record.

A minimum of two copies of the chain-of-custody record will follow each sample to the

laboratory. The laboratory will maintain one fIle copy, and the completed original will be

returned to the TRC Project Manager. A copy of the completed original will be returned as a

part of the fmal analytical report. This record will be used to document sample custody transfer

~rom the sampler, to another TRC team member, to a shipper, or to the laboratory, and also to

verify the date of sample receipt in the laboratory.

Shipments will be sent by overnight carrier with appropriate bill of lading documentation.

Bills of lading will be retained as part of the permanent program documentation.

5.6.5 Sample Shipment

Samples will be delivered to the laboratory for analysis as soon as practical after the num15er

of samples and sample containers is sufficient to comprise a shipment, preferably the same day

the samples are collected. Sample shipment will occur at a minimum frequency of every other

day. All samples will be stored in coolers at a temperature of 40 C unless otherwise specified

by the method. The samples will be accompanied by the chain-of-custody record. During
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sampling and sample shipment activities, the TRC field team leader (or his designee) will contact

the laboratory daily to provide information about impending shipments.

5.6.6 Sample Master Log Notebook

In addition to the field notebook documentation, each sample will be documented in a master

sample log notebook for future reference. This master sample log will include the following

information: sample identifier, sampling date and time (military), sampling personnel, matrix

type (Le., soil), containers/parameters for analysis, date and method of shipment, any sample

preservation, and any other pertinent information relating to the sample(s). The master sample

log will be consistently updated during sampling activities in the field for review during field

audits. Upon completion of sampling activities, the master sample log notebook will be

delivered to the TRC Project Manager.

5.6.7 LaboratOl)' Sample Custody

The TRC Field QC Coordinator will notify the laboratory of upcoming field sampling

activities and subsequent sample transfer to the laboratory. This notification will include

information concerning the number and type of samples to be shipped, as well as the anticipated

sample arrival date.

The laboratory will designate a sample custodian who will be responsible for maintaining

sample custody and for maintaining all associated custodial documentation records. After

receiving the samples, the sample custodian will check the original chain-of-custody record and

request for analysis documents against the labeled contents of each sample container for

correctness and traceability. The sample custodian will then sign the chain-of-custody record

and record the date and time that the sample shipment was received at the laboratory. The

samples will then be logged into the laboratory system.

Care will be exercised in the laboratory to annotate any labeling or descriptive errors

associated with the sample containers. In the event of discrepant documentation, the laboratory

will immediately contact the TRC Field QC Coordinator as part of the corrective action process.

A qualitative assessment of each sample container will be performed to note any anomalies, such

as broken or leaking bottles. This assessment will be recorded as part of the incoming

chain-of-custody procedure.
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Samples will be stored in a secured dark area and at a temperature of approximately 4oC,

ifnecessary, until analyses are performed. A laboratory chain-of-custody record will accompany

the sample or sample fraction through fmal analysis for sample control. A copy of the

chain-of-custody record will accompany the laboratory's analytical report and will become a
. .

permanent part of the project's records. The Ph of incoming water samples will be checked by

the laboratory when preservatives have been added to the sample. Details of the

chain-of-custody for laboratory activities will be provided in the laboratory's QA manual.

5.6.8 Evidence File

The TRC Project Manager will serve as fIle custodian. At the project's completion, the fIles

will be returned to the Navy's Northern Division OffIce where they will be permanently

archived.

The evidence fIle will contain all incoming materials related to the project such as:

sketches, correspondence, authorizations, and logs. These documents will be placed in the
I

project fIle as soon as possible. If correspondence is needed for reference by project personnel,

a copy will be made rather than manipulating the original.

Examples of the types of records that will be maintained in the project fIle are:

• Field documents;
• Correspondence;
• Photographs;
• Laboratory data;
• Reports; and
• Subcontract agreements.

To prevent the inadvertent use of obsolete or superseded project-related procedures, all

personnel of the laboratory and project staffs will be responsiqle for reporting changes in

protocol to the Laboratory Project Manager and the Laboratory Director. The Laboratory

Project Manager and Laboratory Director will then inform the project and laboratory staffs and

the Quality Assurance OffIcer of these changes, as appropriate.

Revisions to procedures shall be subject to the same level of review and approval as the

original document. Outdated procedures shall be marked "void". The voided document may
•

be destroyed at the request of the Laboratory Project Manager; however, it is recommended that
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one copy of the voided document be maintained in the project fIle. The date and reason why I

the document was voided will be recorded.

5.7 CALIBRATION PROCEDURES AND FREOUENCY

Instruments and equipment used to gather, generate, or measure environmental data will be

calibrated with sufficient frequency and in such a manner that accuracy and reproducibility of

results are consistent with the instrument manufacturer's specifications.

Laboratory instrumentation calibration procedures and frequencies are specified in the most

recent Contract Laboratory Program (CLP) Statement ofWork (SOW) for Organic Analysis; and

will be strictly followed for those analytes analyzed by CLP protocols. For all other analyses

for which EPA-approved methods exist, the laboratory will employ such methods and follow the
. '

specified calibration procedures and frequencies. The laboratory quality control program

includes strict adherence to routine calibration procedures.

Analysis of blank samples, duplicate samples, spiked blanks, and matrix blanks will be

performed where possible to document the effectiveness of calibration procedures. Method

blanks contain all the reagents used in the preparation and analysis of the samples and are

processed through the entire analytical scheme to assess spurious contamination from reagents,

glassware and other materials used during analysis. The terms method blank and laboratory

blank are interchangeable. A matrix blank denotes a blank of a similar matrix (e.g., for liquids

a blank of distilled-deionized reagent grade high purity water may be used; for soils/sediments

high purity sand may be 1!sed). A spike blank is a method blank which has had a known

concentration of a particular compound or analyte added to it to assure adequate percent

recovery of the compound/analyte.

Records of calibration, repair, or replacement will be maintained by the designated

laboratory personnel performing quality control activities. Calibration records of assigned

laboratories will be fIled and maintained at the laboratory location where the work is performed

and subject to QA audit.

Calibration of fIeld instruments will be performed at approved intervals as specified by the

manufacturer- or more frequently, as conditions dictate. At a minimum all fIeld instruments will

be calibrated at the beginning and end of each day. Calibrations may also be performed at the

start and completion of each test run; however, such calibrations will be re-initiated as a result
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of delay due to meals, work shift change, or instrument damage. Calibration standards used as

reference standards will be traceable to the National Bureau of Standards (NBS), when possible.

Calibration procedures for field instruments will be as specified by the instrument manufacturer.

Equipment manuals descriqing calibration procedures will be maintained in the field office

during site investigations.

5.8 ANALYTICAL PROCEDURES

EPA-approved methods will be used for all analyses for which such methods exist. Target

Compound List (TCL) and Target Analyte List (TAL) parameters will be analyzed by Contract

Laboratory Program (CLP) protocols. The laboratory will follow methods detailed in the CLP

Statement of Work (SOW) for Organic Analyses, Multi-media, Multi-concentration, 3/90,

revised July 1991, and the SOW for Inorganics Analyses, Multi-media, Multi-concentration,

3/90, revised September, 1991.

If sample contaminant concentrations are high, then CLP protocols for low and medium

concentration samples may be required. In this case, sample runs at lower dilutions will be

performed to obtain quantitative results for parameters present at lower concentrations. That is,

samples are pre-screened to estimate concentration levels. According to EPA meth<?dology, high

concentration samples are diluted to bring them within a linear working range. Low

concentration samples are set aside and then analyzed within the same linear working range.

It may not be possible to quantitate sample results in parts per billion for samples where "pure"

waste (fuel product, paint, powder, etc.) is encountered. A decision tree approach will be

followed, in order to quantitate the sample when high levels of contamination are encountered.

In this case, detection limits will be raised for all analytes on the sample, as the sample is

diluted.

5.8.1 Target Compound List - Organic Compounds

Organic compound analyses will be conducted according to the U.S. EPA CLP, Statement

of Work for Organic Analyses, SOW 3/90, revised August 1991. The organic compounds

contained in the TCL will be determined using proven -methods to identify and quantify volatile,

semi-volatile and pesticide/PCB compounds. The TCL compounds and CLP-required detection

limits are shown in Tables 7 through 9. The actual detection limits obtainable for a specific
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sample depend upon matrix interferences. If the CLP detection limit is unachievable for a

particular sample, an explanation of the problem and supporting evidence will be provided by
I

the laboratory in the case narrative summary submitted with the deliverables.

Each set of samples will be analyzed in conjunction with the analysis of QC samples,

including blanks, matrix spikes and matrix spike duplicate (MS/MSD) samples for quality

control determinations. The frequency of analysis of the QC samples will not be less than one

per 20 samples for MS/MSD samples. All samples, laboratory duplicates, laboratory blanks,

matrix spike and matrix spike duplicates will be fortified with surrogate spiking compounds as

shown in Table 10.

5.8.2 Target Analyte List, - Metals

Water and soil samples will be prepared for analyses as described by procedures for each

respective matrix and analysis method described in the U.S. EPA CLP, Statement of Work for

Inorganic Analyses (SOW 3/90). Each set of samples, or 20 samples, whichever is more

frequent, will be analyzed with a preparation blank, duplicate sample, and matrix spiked sample.

Each group of 20 samples will be analyzed with a laboratory control sample of similar matrix.

The Target Analyte List (TAL) for metals and inorganics and associated detection limits are

listed in Table 11.

The atomic absorption (AA) instrument will be calibrated through the use of a minimum of

three calibration standards prepared by dilution of certified stock solutions. Calibration

standards will contain acid(s) at the same concentration as the digestates. An analysis blank will

then be prepared, and one calibration standard will be at the EPA-CLP required detection limit

for the metal being evaluated. The other standard concentrations will bracket the concentration

range of the samples. A continuing calibration standard, prepared from a different stock solution

than that used for the calibration standards, will be prepared and analyzed after every ten

samples or every two hours of continuous instrument operation. The value of the continuing

calibration standard concentration must agree with requirements of the CLP SOW.
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5.8.3 Landfill Gas Parameters

Landfill gas samples will be analyzed for VOCs using as gas chromatograph/mass

spectrophotometer technique which is a modification of EPA Methods TOl and T02. VOCs

detected by the GC/MS analytical method are provided in Table 12.

5.9 DATA REDUCTION. VALIDATION. AND REPORTING

The procedures used for calculations and data reduction are specified in each analytical

method referenced in Section 5.8. Raw data will be entered in bound laboratory notebooks.

A separate book will be maintained for each analytical procedure. The data will be entered such

that sufficient space remains to enter all subsequent calculations required to arrive at the fmal

(reported) value for each sample. Calculations include factors such as sample dilution ratios,

corrections for titrant normality, and conversion to dry-weight basis fot: solid samples.

Instrument chart recordings and calculator printouts will be labeled and attached to their

respective pages, except for voluminous gas chromatograms which will be cross-referenced and

stored separately.

Calculations will be checked from the raw data to fmal value stages prior to reporting the

results for a group of samples. Results obtained from extreme ends of standard curves generated

by linear regression calculator programs will be checked against graphically-produced standard

curves if the correlation coefficient of a program curve is less than 0.995.

Data will generally be reported as micrograms of analyte per liter for aqueous samples or

micrograms per kilogram (dry weight) for solid or non-aqueous liquid samples. Concentration

units will always be listed on reports and any special conditions, such as dry weight conversions,

will be noted. The data reporting form will also include the unique sample number assigned to

each sample, details of sample collection including the client's identification number, and the

dates of sample receipt and report preparation.
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5.9.1 Data Reduction

Target Compound List Compounds

Instrument perfonnance test data will accompany the raw data during data reduction. The

following criteria must be attained to make a qualitative identification of an organic pollutant

using Gas Chromatograph/Mass Spectrometer (GCIMS) techniques:

Characteristic ions for each compound of interest must maximize in the same or within one
scan of each other.

Retention time must occur within + 1 percent of the retention time of the authentic
compound.

Relative peak heights of the three characteristic ions in' the Extracted Ion Current ProfIle
(EICP) must fall within + 20 percent of the relative intensities of these ions in a reference
mass spectrum. The reference mass spectrum can be obtained by a standard analyzed in the
GC/MS system or from a reference library.

• The entire mass spectrum of the compound of interest is compared to the reference
compound.

Structural isomers having similar mass spectra can be explicitly identified only if the

resolution between authentic isomers in a standard mix is acceptable. Acceptable resolution is

achieved if the baseline-to-valley height between the isomers is less than 25 percent of the sum

of the two peak heights. Otherwise, structural isomers are identified as isomeric pairs.

When a compound has been identified, the quantitation of that compound is based on the

integrated abundance from the EICP of the primary characteristic ion. The base peak ion of

internal and surrogate standards is used in the quantitation. If the sample produces an

interference for the fIrst listed ion, a secondary ion is used to quantitate. Quantification is

perfonned using internal standard techniques.

To ensu-re that reported data are accurate, all resultant data are verified. Retention items

and area counts are checked carefully for correct identification and accurate quantificat~on.
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Metals

The concentrations of metals detennined by Atomic Absorption Spectroscopy (AAS)

measurements are obtained by comparison of absorbance values with those obtained from the

analyses of known standards. A linear regression plot of absorbance versus concentration will

be used to detennine a concentration factor for linearity of response.

In the event of low « 85 %) or high (> 115 %) post-digestion spike recovery, the analysis

will be repeated using the method ofknown additions to detennine potential matrix interferences.

CLP criteria will be maintained for analyses of samples of similar matrix. The mean percentage

recovery and standard deviation will be calculated from a minimum of 20 analyses. A warning

limit of +2 standard deviations from the mean and a control limit of +3 standard deviations will

be used to establish that the test is providing accurate data.

5.9.2 Data Validation

Data validation is the process of reviewing data and associated quality control criteria and

accepting, qualifying, or rejecting it on the basis of sound criteria. Projec~ supervisory and QC

personnel will use validation methods and criteria appropriate to the type of data and the purpose

of the measurement. Records of all data will be maintained, even that judged to be an

"outlying" or anomalous value. The QAlQC Manager validating the data will have sufficient

knowledge of the technical work to identify questionable values.

Field Data Validation

Field sampling data will be validated by the TRC Field QC Coordinator or QAlQC

Manager, based on their judgment of the representativeness of the sample, maintenance and

cleanliness of sampling equipment, and adherence to the approved, written sample collection

procedure.

The .following criteria will be used to evaluate the field sampling data:

• Use of approved sampling procedures;

• Use of reagents/standards that confonn to QC-specified criteria; and

• Proper chain-of-custody maintained and documented.

5-19

TRC



5.10 INTERNAL OUAliTY CONTROL CHECKS AND FREOUENCY

Quality control checks will be perfonned to ensure the collection of representative samples

and the generation of valid analytical results on these samples. These checks will be perfonned

by project participants through the program under the guidance of the TRC QA Officer.

5.10.1 Data Collection and Sampling OC Procedures

The TRC internal QC checks for the sampling aspects of this program will include, but not

be limited to, the following:

•

•
•

Use of field notebooks' to ensure completeness, traceability, and
comparability of the samples collected.

Field checking of field notebooks and sample labels by a second person to
ensure accuracy and completeness.

Strict adherence to sample chain-of-custody procedures.

Calibration of the field monitoring equipment (e.g., HNU, OVA).

5.10.2 Analytical OC Procedures

Quality control checks will be perfonned to ensure the collection of representative samples

and the generation of valid analytical results on these samples. These checks are perfonned by

project participants under the guidance of QC personnel.

The laboratory will make use of various types of QC samples to document the validity of

the generated data. The following types of QC samples are routinely used:

Calibration Check Samples--One of the working calibration standards which is
periodically used to check that the original calibration is still valid.

Spiked Samples--Replicate aliquots of project samples are spiked with components
of interest and carried through the entire preparative and analytical scheme.

Laboratory Control Samples CLCS)--These samples are prepared from EPA
Environmental Monitoring Systems Laboratory (EMSL) concentrates or National
Bureau of Standards (NBS) standard reference materials. The LCS are used to
establish that an instrument or procedure is in control. An LCS is nonnally carried
through the entire sample preparation and analysis procedure.
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Surrogate Spikes--Samples requiring analysis by GC/MS are routinely
surrogate-spiked with a series of deuterated analogues of the components of interest.
It is anticipated that these compounds would assess the behavior of actual
components in individual program samples during the entire preparation and analysis
scheme.

Matrix Spikes/Matrix Spike Duplicates (MS/MSD)--One MS/MSD pair will be run
per 20 samples for each different matrix analyzed. These pairs will be spiked with
the target compounds of concern for that matrix.

All values which fall outside the QC limits described in the analytical method will be

noted. The following analytical guidelines will be used to check recovery values which fall

outside the QC limits:

1. All recovery data are evaluated to determine if the QC limits are appropriate and
if a problem may exist even though the limits are being achieved (e.g., one
compound that is consistently barely within the lower limit).

2. All recovery data which are outside the established limits are evaluated. This
evaluation includes an independent check of the calculation.

3. Corrective action is performed if any of the following are observed:

All recovery values in anyone analysis are outside the established limits.
Over 50 percent of the values for a given sample set are outside limits.
One compound is outside the limits in over 50 percent of the samples.

Reagents used in the laboratory are normally of analytical reagent grade or higher purity.

Each lot of acid or solvent used is checked for acceptability prior to laboratory use. All reagents

are labeled with the date received and date opened. All glassware is precleaned according to

specifications contained in the analytical method. Standard laboratory practices for laboratory

cleanliness, personnel training, and other general procedures are used.

Laboratory Control Charts '

The control chart displays data in a format which graphically compares the variability of

all test results with the average or expected variability of small groups of data. The variability

may be due to random (indeterminate) or assignable (determinate) causes. The control chart

distinguishes indeterminate from determinate variation in a process or method by its control
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limits. If a value falls outside the control limits, it is considered out-of-control, almost certainly

due to a detenninate cause which has been added to the indetenninate variations. The control

chart signals the need to investigate, fmd the detenninate cause, and correct it. Construction

of a control chart requires a miJ$1um of 14 to 20 duplicate sets of data points (which limits its

use).

QC samples and instrument calibrations lend themselves most readily to the gathering of

the data. Calculation of control limits and the values are usually plotted chronologically so that

trends or cycles can be readily detected. If QC sample measurements show an out-of-control

condition, it can be expected that subsequent sample analyses might yield invalid data. The

control chart is an effective indicator of the need for corrective action.

For volatile and semi-volatile organics and pesticide analyses perfonned by GC/MS,

surrogate recoveries from the method blank are the control sample. For other organics (e.g.,

PCBs, dioxins/furans), an LCS (spiked blank) is used to plot the control charts. An LCS is also

used as the control point for inorganic analyses.

5.11' SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION.

ACCURACY, AND COMPLETENESS

Procedures used to assess data precision and accuracy will be in accordance with 44 FR

69533 "Guidelines Establishing Test Procedures for the Analyses of Pollutants", Appendix ill

Example Quality Assurance and Quality Control Procedures for Organic Priority Pollutants",

December 3, 1979. Completeness is recorded by comparing the number of parameters initially

analyzed with the number of parameters successfully completed and validated. For this project,

a target control limit of greater than 90 percent will be used.

Accuracy

The percent recovery is calculated as:

where: So = The background value, i.e., the value obtained by
analyzing the sample.

S = Concentration of the spike added to the sample.
Sa = Value obtained by analyzing the sample with the

spike added.
% = Percent recovery.
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Precision

The relative percent difference is calculated as:

where: V1, V2 = The two values obtained by analyzing the
duplicate ~amples.

Completeness

Completeness will be reported as the percentage of all measurements made whose results

are judged to be valid. The following formula will be used to estimate completeness:

V
C = 100 X ----

T

where: C = Percent completeness.
V = Number of measurements judged valid.
T = Total number of measurements.

5.12 CORRECTIVE ACTION

The acceptance limits for the sampling and analyses under this program will be those

stated in the method or defmed by other means in the QAPP. Corrective actions are often

immediate in nature, implemented by the analyst or Project Manager. The corrective action

usually involves recalculation, reanalysis, or repeating sample collection.

5.12.1 Immediate Corrective Action

If an immediate corrective action can be taken as part of normal operating procedures,

the collection of poor quality data can be avoided. Instrument and equipment malfunctions are

amenable to this type of action. QC procedures include troubleshooting guides and corrective

action suggestions. The actions taken will be noted in field or laboratory notebooks, but no

other formal documentation is required, unless further corrective action is necessary. These

on-the-spot corrective actions are an everyday part of the QAlQC system.

Corrective action during the field sampling portion of a program is most often a result

of equipment failure or an operator oversight and may require repeating a sampling run.

Operator oversight is best avoided by having field crew members audit each others' work before
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and after a test. Every effort will be made by the field team leader to ensure that all QC

procedures are followed. Ifpotential problems are not solved as an immediate corrective action,

TRC will apply formalized long-term corrective action, if necessary.

Corrective action for analytical work will include recalibration of instruments, reanalysis

of known QC samples and, if necessary, reanalysis of actual field samples. Specific QC

procedures and checklists are used by the laboratory to help analysts detect the need for

corrective action. Often the person's experience will be valuable in alerting the operator to

suspicious data or malfunctioning equipment.

5.12.2 Long-Term Corrective Action

The need for long-term corrective action may be identified by standard QC procedures,

control charts, performance or system audits. Any quality problem which cannot be solved by

immediate corrective action falls into the long-term category. The TRC QA system ensures that

the quality problem is reported to a person responsible for correcting it, and who is part of a

closed-loop action and follow-up plan.

The essential steps in the closed-loop corrective action system are listed below:

• Identify and defme the problem;
• Assign responsibility for investigating the problem;
• Investigate and determine the cause of the problem;
• Determine a corrective action to eliminate the problem;
• Assign and accept responsibility for implementing the corrective action;
• Establish effectiveness of the corrective action and implement it; and
• Verify that the corrective action has eliminated the problem.

Documentation of the problem is important to the system. A Corrective Action Request

Form is filled out by the person fmding the quality problem. This form identifies the problem,

possible causes, and the person responsible for action on the problem. The responsible person

may be an analyst, field team leader, QC coordinator, or the QA Officer. If no person is

identified as responsible for action, the QA Officer investigates the situation and determines who

is responsible in each case.

The Corrective Action Request Form includes a description of the corrective action

planned and the date it was taken, and space for follow-up. The QA Officer checks to be sure

that initial action has been taken and appears effective and, at an appropriate later date, checks
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again to see if the problem has been fully solved. The QA Officer receives a copy of all

Corrective Action Forms and enters them in the Corrective Action Log. This permanent record

aids the QA Officer in follow-up and makes any quality problems visible to management. The

log may also prove valuable in listing a similar problem and its solution.

5.12.3 Out-of-Control Events and Corrective Action

Procedures are outlined as to what corrective action is taken if an out-of-control event

occurs, and how it is documented and used to improve laboratory performance. Procedures for

assuring that results for samples processed during out-of-control conditions are not reported are

also outlined, as well as the conditions necessary to reestablish control and criteria for assuring

the system is operating properly. The documentation is easily used by all personnel and is part

of routine laboratory procedure.

It is recognized that several levels of out-of-control events may occur. Three examples

are given below with corrective actions to be taken:

1. Observations Corrected by Analyst at the Bench--The calibration of an instrument
is not linear. The analyst fmds this and corrects it prior to continuing to analyze
samples. The laboratory documents this event and notes that the corrective action
was to recalibrate, and that no samples were affected as none were analyzed prior
to calibration.

2. Corrective Actions Taken by Supervisor--A matrix spike recovery is out-of-control
and the laboratory supervisor fmds this after the samples for the day have been
analyzed: The supervisor documents that the laboratory blank spiked with
surrogates or standards was in control and that other sample spikes were in control,
therefore, no re-analysis of the sample is required.

3. Corrective Actions at the Receiving Level--The sample container is broken. The
analyst notes this and documents whether or not more sample is available. If no
more sample is available, TRC is notified and the decision documented.
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6.0 INITIAL DRAFT CONSTRUCTION QAlQC PROJECT PLAN

6.1 INTRODUCTION
-

A Quality Assurance/Quality Control (QA/QC) plan is developed to ensure that the

remedial system is constructed as specified in the design (quality assurance) and to allow

implementation of a system of inspections and tests to monitor and control the quality of the

construction project (quality control). The Construction Quality Assurance Plan guidance is

incorporated into the construction specifications as part of the Navy's standard construction

documents and is implemented during remedial construction through the use of an Independent

Quality Assurance Team. The Construction Quality Control Plan is prepared by the remedial

action constructor and defmes activities necessary to manage, control and document work so as

to ensure compliance with project requirements (Le., plans and specifications).

6.2 INDEPENDENT OUAliTY ASSURANCE TEAM

An Independent Quality Assurance Team will be established using the in-place Navy

system for management of construction projects for the capping of the McAllister Point Landfill.

The QA team will consist of separate consultants or "in-house" (e.g., Navy) personnel assigned

to the project. These personnel will be responsible for examining and testing various materials,

procedures, and equipment during construction activities. The qualifications and expertise of

the team members will be commensurate with the scope of the project. Members of the QA

Team will be independent of the constructor of the remedial action so that the results of the

quality assurance effort are unbiased and objective. At this stage in the remedial design effort,

identification of potential team members is premature. The fmal Construction QAlQC Project

Plan will defme the responsibilities and authorities of the organizations and key personnel

involved in the design and construction of the remediation system.
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6.3 QUALITY ASSURANCE PLAN

The QA plan specification will require the contractor to detail the project QA

requirements. The plan will identify and defme quality control measures to plan, check, and

review all work before it is delivered to' the client or used for construction purposes. The plan

will establish the organization of the project and assign responsibility for various quality

assurance issues to the construction contractor, design engineer, "in-house" personnel and

appropriate regulatory agencies, as appropriate, for implementation during the remedial action

construction activities. Typical activities which will be monitored under the QA program include

the following:

• Review of shop drawings, product data and samples;

• Inspection of materials prior to installation to verify compliance with
specifications;

• Construction monitoring;

• Monitoring of installation, testing and sampling methods to verify
acceptance of materials used in construction;

• Establishment of a set of "record documents", when required, based upon
information supplied by the contractor or vendor.

6.4 CONSTRUCTION QUALITY CONTROL ACTIVITIES

Construction quality control activities will be defmed within the 35 % complete remedial

action specifications package. These specifications will require submittal of a Quality Control

plan by the remedial contractor and will require that the plan include the following:

• Name and qualifications, in resume format, for the QC Manager.

• A letter signed by an officer of the firm appointing the QC Manager and
stating that he/she is responsible for implementing the QC program, as
described in the contract, and referencing the QC Manager's authority to
direct the removal and replacement of non-conforming work.

• Procedures for reviewing, approving and managing submittals.
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• Testing laboratory infonnation.

• A Testing Plan and Log that includes tests required, referenced by the
specification paragraph number requiring the test, the frequency, and the
person responsible for the test.

• Procedures to identify, record, track and complete rework items.

• Documentation procedures, including proposed report fonnats.

• A listing of outside organizations, such as testing laboratories, architects,
and consulting engineers that will be employed by the Contractor and a
description of the services these ftrms will provide.

• A list of the defmable features of work, with a defmable feature defmed as
a task which is separate and distinct from other tasks and which requires
separate control requirements.
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TABLE 1

PRE-DESIGN SAMPLlNGSUMMARY
SITE 01 - MCALLISTERPOINT LANDFILL

ACTIVITYI SCOPEOFWORK No. SAMPLES SAMPLE ANALYSIS
SAMPLE MATRIX

TEST BORINGS 4 Locations each 4 Samples of native soil • Incremental Consolidation Test (AS1MD-2435)
approximately 25 feet deep underlying the fill • Triaxial Compression Test with pore pressure

measurements (AS1MD-4785)
• Organic Content by Burning (AS1MD-2974)
• Combined Sieve and Hydrometer Analysis (ASTMD-422)
• AtteIburg Limits (AS1MD-4318)
• Specific Gravity (ASTMD-854)

VAPOR WELLS AND 3 Vapor Wells & 8 Landfill Gas Samples • Methane Content and Organic Solvent Scan by GC/MS
VAPOR PROBES 9 Vapor Probes

SEDIMENT SAMPLES 6 locations from the area at the 6 Sedirrient Samples • Grain Size, Moisture Content, Total Solids, TOC, Specific
base of the landfill slope where Gravity, Total Sulfides, and Ammonia
shoreline protection will be placed 4 Sediment Samples • Full TCLP, TCL, and TAL, TPH, and Oil & Grease
and existing sediment removed

Note: TCL indicates the sample will be analyzed for Target Compound List parameters.
TAL indicates the sample will be analyzed for Target Analyte List parameters.
TCLP indicates the sample will be analyzed for Toxicity Characteristic Leaching Procedure parameters.

; TPH indicates the sample will be analyzed for Total Petroleum Hydrocarbons.
TOC indicates the sample will be analyzed for Total Organic Carbon.

"



SOIL

Semivolatiles

TABLE 2
PHASE I CONTAMrnNANTS OF CONCERN

MCALLISTER POINT LANDFILL

GROUND WATER

Semivolatiles /

Carcinogenic PAHs

Inorganics

Antimony
Arsenic
Beryllium
Copper
I.;.ead
Zinc

Volatiles

Naphthalene
2-Methylnapthalene
l,4-Dichlorobenzene

Inorganics

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Manganese
Mercury
Zinc

Volatiles

Benzene
Ethylbenzene
Toluene
Xylene

)
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TABLE 3

SITE 01 - McALLISTER POINT LANDFILL
PERSONNEL PROTECTION SUMMARY

Activity

Reconnaissance Survey
Soil Boring
Sediment Sampling
Landfill Gas Pilot Study

Initial Level of Protection

D
Mod.D
Mod.D
C

NOTE: The personnel protection levels will be upgraded or downgraded as conditions warrant
according to criteria specified in the project Health and Safety Plan (HASP).
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TABLE 4
SITE 01 - McALLISTER POINT LANDFILL

SITE EMERGENCY CONTACTS

NETC Emergency Numbers:

Command Duty Officer
Security Office - Police
NETC Fire Protection
Public Works Trouble Desk

I

Utilities:

NETC Dig Safe
Rhode Island Dig Safe

Newport Emergency Numbers:

Newport Police Department
Newport Fire Department

Newport Hospital
General Number
Emergency Room
Poison Control Center

Additional Resources:

841-3456 or 3457
841-3241
841-3333
841-4001

841-2464
800-225-4977

847-1306
846-2211

846-6400
846-6400 ext 1120
277-5727

Dr. Erdil - TRC Company physician
Immediate Medical Care
Hartford, Connecticut (203) 296-8330

Mr. James Peronto - TRC
Mr. Brad Wheeler - NETC

(203) 289-8631
(401) 841-3735
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TABLE 5
CONTAINERS AND PRESERVATION METHODS

FOR SOIL, SEDIMENT, AND LANDFILL GAS SAMPLES

Number
Containers
per Sample Sample Container

Preservation
Methods(o)

Analytical
Method Compounds

Organics
2

1

1

Inorganics

1

1

1

Landfill Gas

125 mI, wide-mouth glass, Cool,4oC CLPSOW TCLVOA
Teflon -lined cap

1-250 mI, wide-mouth amber Cool,4oC CLPSOW TCL-BNA,
glass, Teflon -lined cap Pest/PCB

1-125 mI, wide-mouth glass -- Cool,4oC EPA 1311 TCLP
Teflon -lined cap

1-125 mI, wide-mouth glass Cool,4oC EPA 418.1 Taal I\:trokum
Teflon -lined cap Hydrocarbons

1-950 mI, wide-mouth amber Cool,4oC EPA 413.1 Oil & Grease
glass Teflon -lined cap

25D-mI, wide-mouth glass, Cool,4oC CLPSOW<b) Metals
Teflon -lined cap

1000 mI, wide-mouth glass NA ASTMD422-63 Grain Size

500 mI, wide-mouth glass, Cool,4oC SW 9060, TOC, Total
Teflon-lined cap EPA 376.1, Sulfides,

EPA 350.1 Ammonia

1 6-liter Tedlar bag Dark, Cool GCIMS
Modified TOl/T02

VOCs

VOA =
TCL =

BNA =
Pest/PCB =
TCLP =

CLPSOW =

Volatile Organic Analyses.
Target Compound List.
Base Neutral and Acid Extractable Analyses.
PesticidelPCB Analyses.
Toxicity Characteristic Leaching Procedure (VOCs, SVOCs, Herb., Pest., PCBs).
Contract Laboratory Program - Statement of Work.
Organics - SOW 3/90, revised July 1991.
Inorganics - SOW 3/90, revised September 1991.

(0)

(b)

Samples will be stored in a refrigerated, dark area.

Metals analyses, except mercury, will be performed by the furnace atomic absorption (As, Pb, Se, Tl) and
inductively coupled plasma (lCP) atomic emission spectrometric methods. Mercury will be analyzed by the manual
cold vapor atomic absorption method.
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TABLE 6
HOLDING TIMES FOR SOIL AND SEDIMENT SAMPLES

CLP Holding Time for Samples

Parameter Aqueous SoiliSedimentIWaste

TCL Volatile Organic 10 days from VTSR 10 days from VTSR
Compounds

TCL Base Neutral/Acid 5 days to extraction 7 dayS(I) extraction
Extractable Compounds from VTSR; 40 days from VTSR; 40 days

from extraction from extraction

TCL Pesticide/PCB Compounds 5 days to extraction; 7 days(l) to
40 days from extraction extraction; 40 days

from extraction

Total Petroleum Hydrocarbons 28DayS<2) 28 Days

TAL Metals 6 months; except Hg - 6 months; except Hg -
26 days 26 days

TOC 28Days<2) 28 Days

Total Sulfides 7 days NE

Ammonia (Nitrogen) 28 days NE

NE = Not Established; no holding times established according to the CLP SOW or applicable methods.
NA = Not Applicable.
VTSR = Verified Time of Sample Receipt.
(I) = u.S. EPA Region I requirement.
(2) = If preserved with H2S04 or HCL to pH <2.

TRC



TABLE 7
TARGET COMPOUND LIST (TCL) VOLATILE

COMPOUNDS AND DETECTION LIMITS

Detection Limits(o)

Water Low Soil/Sediment<bl

Volatiles CAS Number (ugll) (uglkg)

Chloromethane 74-87-3 10 10
Bromomethane 74-83-9 10 10
Vinyl chloride 75-01-4 10 10
Chloroethane 75-00-3 10 10
Methylene chloride 75-09-2 10 10

Acetone 67-64-1 10 10
Carbon disulfide 75-15-0 10 10
1,1-Dichloroethene 75-35-4 10 10
1,1-Dichloroethane 75-35-3 10 10
1,2-Dichloroethene 156-60-5 10 10

(total)

Chloroform 67-66-3 10 10
1,2-Dichloroethane 107-06-2 10 10
2-Butanone 78-93-3 10 10
1,1,1-Trichloroethane 71-55-6 10 10
Carbon tetrachloride 56-23-5 10 10

Bromodichloromethane 75-27-4 10 10
1,2-Dichloropropane 78-87-5 10 10
cis-1,3-Dichloropropene 10061-01-5 10 10
Trichloroethene 79-01-6 10 10
Dibromochloromethane 124-48-1 10 10

1,1,2-Trichloroethane 79-00-5 10 10
Benzene 71-43-2 10 10
trans-1,3-Dichloropropene 10061-02-6 10 10
Bromoform 75-25-2 10 10
4-Methyl-2-pentanone 108-10-1 10 10
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TABLE 7 (Continued)
TARGET COMPOUND LIST (TCL) VOLATILE

COMPOUNDS AND DETECTION LIMITS

Detection Limits(o)

Water Low Soil/Sedimenfb)
Volatiles CAS Number (ugll) (uglkg)

2-Hexanone 591-78-6 10 10
Tetrachloroethene 127-18-4 10 10
Toluene 108-88-3 10 10
1,1,2,2-Tetrachloroethane 79-34-5 10 10
Chlorobenzene 108-90-7 10 10

Ethyl benzene 100-41-4 10 10
Styrene 100-42-5 10 10
Total xylenes 1330-20-7 10 10

(0)

(b)

Note:

Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment
calculated on dry weight basis will be higher.

Medium soil/sediment detection limits for volatile TCL compounds are 120 times the individual low soil/sediment
detection limits.

Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for
guidance and may not always be achievable.
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TABLE 8

TARGET COMPOUND LIST (TCL) SEMIVOLATILE
COMPOUNDS AND DETECTION LIMITS

Detection LimitsCa)

Water Low Soil/Sedimenfb)
Semivolatiles CAS Number (ug/l) (uglkg)

Phenol 108-95-2 10 330
Bis(2-chloroethyl)ether 111-44-4 10 330
2-Chlorophenol 95-57-8 10 330
1,3-Dichlorobenzene 541-73-1 10 330
1,4-Dichlorobenzene 106-46-7 10 330

1,2-Dichlorobenzene 95-50-1 10 330
2-Methylphenol 95-48-7 10 330
2,2'-oxybis(I-Chloropropane)(C) 108-60-1 10 330
4-Methylphenol 106-44-5 10 330

N-Nitroso-ili-n-propylamine 621-64-7 10 330
Hexachloroethane 67-72-1 10 330
Nitrobenzene 98-95-3 10 330
lsophorone 78-59-1 10 330
2-Nitrophenol 88-75-5 10 330

2,4-Dimethylphenol 105-67-9 10 330
Bis(2-chloroethoxy)methane 111-91-1 10 330
2,4-Dichlorophenol 120-83-2 10 330
1,2,4-Trichlorobenzene 120-82-1 10 330

Naphthalene 91-20-3 10 330
4-Chloroaniline 106-47-8 10 330
Hexachlorobutadiene 87-68-3 10 330
4-Chloro-3-methylphenol 59-50-7 10 330

(para-chloro-meta-cresol)
2-Methylnaphthalene 91-57-6 10 330

Hexachlorocyclopentadiene 77-47-4 10 330
2,4,6-Trichlorophenol 88-06-2 10 330
2,4,5-Trichlorophenol 95-95-4 25 800
2-Chloronaphthalene 91-58-7 10 330
2-Nitroaniline 88-74-4 25 800
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TABLE 8 (Continued)
TARGET COMPOUND LIST (TCL) SEMIVOLATILE

COMPOUNDS AND DETECTION LIMITS

Detection Limits(s>

Water Low SoiliSedimenfb>
Semivolatiles CAS Number (ugll) (uglkg)

Dimethylphthalate 131-11-3 10 330
Acenaphthylene 208-96-8 10 330
2,6-Dinitrotoluene 606-20-2 10 330
3-Nitroaniline 99-09-2 25 800
Acenaphthene 83-32-9 10 330

2,4-Dinitrophenol 51-28-5 25 800
4-Nitrophenol 100-02-7 25 800
Dibenzofuran 132-64-9 10 330
2,4-Dinitrotoluene 121-14-2 10 330
Diethylphthalate 84-66-2 10 330

4-Chlorophenyl-phenylether 7005-72-3 10 330_
Fluorene 86-73-7 10 330
4-Nitroaniline 100-01-6 25 800
4,6-Dinitro-2-methylphenol 534-52-1 25 800
N-nitrosodiphenylamine 86-30-6 10 330

4-Bromophenyl-phenylether 101-55-3 10 330
flexachlorobenzene 118-74-1 10 330
Pentachlorophenol 87-86-5 25 800
Phenanthrene 85-01-8 10 330
Anthracene 120-12-7 10 330

Carbazole 86-74-8 10 330
Di-n-butylphthalate 84-74-2 10 330
Fluoranthene 206-44-0 10 330
Pyrene 129-00-0 10 330
Butylbenzylphthalate 85-68-7 10 330

3,3'-Dichlorobenzidine 91-94-1 10 330
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TABLE 8 (Continued)
TARGET COMPOUND LIST (TCL) SEMIVOLATILE

COMPOUNDS AND DETECTION LIMITS

Detection LimitsCa)

Water Low Soil/Sediment<")
Semivolatiles CAS Number (ugll) (uglkg)

Benzo(a)antlrracene 56-55-3 10 330
Chrysene 218-01-9 10 330
Bis(2-ethylhexyl)phthalate 117-81-7 10 330
Di-n-octylphthalate 117-84-0 10 330
Benzo(b)fluoranthene 205-99-2 10 330

Benzo(k)fluoranthene 207-08-9 10 330
Benzo(a)pyrene 50-32-8 10 330
Indeno(I,2,3-cd)pyrene 193-39-5 10 330
Dibenzo(a,h)anthracene 53-70-3 10 330
Benzo(g,h,i)perylene 191-24-2 10 330

Co)

(b)

(0)

Note:

Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment
calculated on dry weight basis will be higher.

Medium soil/sediment detection limits for semivolatile TCL compounds with a low detection limit of 330 uglkg are
10,000 uglkg; for semivolatiles with a low detection limit of 800 uglkg, they are 25,000 uglkg.

Previously known by the name bis(2-ehloroisopropyl)ether.

Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for guidance
and may not always be achievable.

TRC



TABLE 9
TARGET COMPOUND LIST (TCL) PESTICIDES, PCBs,

AND DETECTION LIMITS

Detection Limits(a)

Pesticides/PCBs CAS Number

alpha-BHC 319-84-6
beta-BHC 319-85-7
delta-BHC 319-86-8
gamma-BHC (Lindane) 58-89-9

Heptachlor 76-44-8

Aldrin 309-00-2
Heptachlor epoxide 1024-57-3

Endosulfan I 959-98-8
Dieldrin 60-57-1
4,4'-DDE 72-55-9

Endrin 72-20-8
Endosulfan II 33213-65-9
4,4'-DDD 72-54-8
Endosulfan sulfate 1031-07-8
4,4'-DDT 50-29-3

Methoxychlor 72-43-5
Endrin ketone 53494-70-5
Endrin aldehyde 7421-93-4
alpha-Chlordane 5103-71-9
gamma-Chlordane 5103-74-2

Toxaphene 8001-35-2
AROCLOR-1016 12674-11-2
AROCLOR-1221 11104-28-2
AROCLOR-1232 11141-16-5
AROCLOR-1242 53469-21-9

AROCLOR-1248 12672-29-6
AROCLOR-12S4 11097-69-1
AROCLOR-1260 11096-82-5

Water Soil/Sedimenfb)
(ugll) (uglkg)

0.05 1.7
0.05 1.7
0.05 1.7
0.05 1.7
0.05 1.7

0.05 1.7
0.05 1.7
0.05 1.7
0.10 3.3
0.10 3.3

0.10 3.3
0.10 3.3
0.10 3.3
0.10 3.3
0.10 3.3

0.50 17.0
0.10 3.3
0.10 3.3

0.05 1.7
0;05 1.7

5.0 170.0
1.0 33.0
2.0 67.0
1.0 33.0
1.0 33.0

1.0 33.0
1.0 33.0
1.0 33.0

(0)

(b)

Note:

Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment
calculated on dry weight basis will be higher.

There is no differentiation between the preparation of low and medium soil samples in this method for the ?analysis
of pesticides/aroclors.

Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for guidance and
may not always be achievable.
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TABLE 10
SURROGATE SPIKE RECOVERY RANGE

Water Soil/Sediment
Fraction Surrogate Compounds % Recovery % Recovery

Volatiles Toluene-ds 88-110 84-138
Brornofluorobenzene 86-115 59-113
1,2-Dichloroethane-d4 76-114 70-121

Serni-Volatiles Nitrobenzene-ds 35-114 23-120
2-Fluorobiphenyl 43-116 30-115
Terphenyl-d14 33-141 18-137
Phenol-ds 10-110 24-113
2-Fluorophenol 21-110 25-121
2,4,6-Tribrornophenol 10-123 19-122
2-Chlorophenol-d4 33-110 (20-130)(a)

1,2-Dichlorobenzene-d4 16-110 (20-130)(a)

Pesticides Tetrachloro-rn-xylene (60-150)<a) (60-150)(a)
Decachlorobiphenyl (60-150)(a) (60-150)<a)

(a) Advisory limits only
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TABLE 11
TARGET ANALYTE LIST (TAL) INORGANICS AND

CONTRACT REQUIRED DETECTION LIMITS (CRDL)Ca)

Detection Limit

Element Water (ugll) Low Soil/Sediment (ug/g)

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Cyanide

200 40
60 12
10 2

200 40
5 1
1.5" 1

5,000 1,000
10 2
50 10
12d 5

100 20
3 1

5,000 1,000
15 3
0.05" O.lb

40 8
5,000 1,000

5 1
I" 2

5,000 1,000
10 2
50 10
20 4

10 1

(0) Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for
guidance and may not always be achievable. Soil/sediment CRDLs are based on sample wet weights. Dry
weight CRDLs will depend on the moisture content of the individual samples.

Different aliquot.

Obtain CRDL by using Graphite Furnace Atomic Absorption (AA).

Obtain CRDL by using Inductively Coupled Plasma (lCP).

" Obtain CRDL by using Cold Vapor Atomic Absorption (AA).
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Compound List

TABLE 12
LANDFILL GAS COMPOUNDS

CAS No.

Methyl-t-Butyl Ether
Chloroform
Methyl Chloroform

\ Cyc10hexane
Carbon Tetrachloride
n-Heptane
Benzene
1,2-Dichloroethane
Trichloroethene
1,2-Dichloropropane
Toluene
Tetrachloroethene
Ethylene Dibromide
Chlorobenzene
Ethyl Benzene
o-Xylene
I-Methylethyl Benzene
Bromoform
Benzyl Chloride
o-Chlorotoluene
0-Dichlorobenzene

1634-04-4
67-66-3
71-55-6
110-82-7
56-23-5
182-82-5
71-43-2
107-06-2
79-01-6
78-87-5
108-88-3
127-18-4
106-93-4
108-90-7
100-41-4
95-47-6
98-82-8
75-25-2
100-44-7
106-43-4
106-46-7

Notes: The above listed compounds are used as calibration standards for Environmental Health
Laboratories of Cromwell Connecticut for Modified EPA Methods 1'01/1'02 analyses
(August 1993).
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1.0 AMBIENT SURVEYS

Ambient surveys provide a means of measuring concentrations of volatile organic

compounds, and combustible gases and oxygen during field exploration activities. Data

produced from ambient surveys provide "real time" data from which field personnel may

monitor site hazards', and act accordingly.

The following two ambient survey techniques will be used throughout the'course of the

pre-design investigations at the landfill.

• Volatile Organic Compound Survey
• Combustible Gas and Oxygen Survey

1.1 VOLATILE ORGANIC COMPOUND SURVEY

An ambient air monitoring program will be conducted prior to and during field

exploration activities. An OVA Flame Ionization detector (FID) (Century Organic Vapor

Analyzer OVA 128, or equivalent) and/or a photoionization detector (PID) (HNu Model PI-101

Photoanalyzer with 10.2 eV lamp, or equivalent) will be used to survey the site area prior to

sampling activities to site background conditions. During the test boring and sampling activities

these instruments will also be used to continuously monitor ambient and sample concentrations

for the presence of volatile organic vapors.

Since instruments performing measurements have inherent limitations ansmg from

equipment limitations (fluctuations or drift) and changes in ambient conditions, instrument

a~justments may be required to maintain their calibration. Calibration checks of the HNu and

OVA will be preformed a minimum of twice per day (at the beginning and end of each day).

The OVA and HNu will be calibrated with a hydrocarbon-free "zero" gas and a known

hydrocarbon concentration. The OVA and HNu calibration gases consist of concentrations of

10 ppm methane in air and approximately 54 ppm isobutylene in air, respectively. Changes in

instrument settings will be noted in the field notebooks under instrument calibration.

- APPENDIX A, Page 1 -
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1.2 COMBUSTIBLE GAS AND OXYGEN SURVEY

Prior to initiating site exploration activities, the landfill will be screened for combustible

gases and oxygen with a combination combustible gas (lower explosive limit - LEL) and oxygen

(02) meter. During subsurface explorations, an LEL/02 meter will also be used continuously

to measure for combustible gases and oxygen. The LEL/02 meter will be calibrated a minimum

of twice per day (start and fInish) with a pentane gas/oxygen mixture.

- APPENDIX A, Page 2 -
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2.0 SEDIMENT SAMPLING

Sediment samples will be collected from along the shoreline of the landfill. The

collection of sediment samples is intended to characterize the material which may be excavated

for placement of shoreline protection features as required by RIDEM, Division of Water

Resources f9r excavation activities (dredging) below the mean high water level.

2.1 SEDIMENT SAMPLING METHODS

Sediment samples will be collected with a precleaned two-inch diameter by two-foot long

fiberglass hand coring device. This device will be equipped with a top mounted check valve to

prevent sample washout during retrieval through the overlying water column (e.g., ifa high tide)

Core liners will be constructed of fiberglass or similar material. Core ends will be screened

with a flame or photo-ionization detector for the presence of organic vapors immediately upon

collection and all readings recorded. The portion of the core w~ch indicates evidence of

contamination (e.g. odors, discoloration, etc.) will be retained for laboratory analysis. In the

absence of obvious zones of contamination, a composite sample will be retained from the entire

2-foot core. In general, sediment samples will be collected over the depth interval which may

be excavated for the placement of shoreline revetment. Presently this interval is anticipated to

extend from approximately two to four feet below existing ground surface. Therefore, to

characterize sediment or soil conditions near the base of the excavation, a subset of sediment

samples will be collected from the two to four foot deep interval. The remainder of the samples

will be collected as described above, from the upper two feet of sediment.

In the event that stones or other material precludes effective use of the above sampling

devices, sediment samples will be collected with a spade and spoon. All sediment samples

(except VOC aliquot) will be thoroughly mixed in a stainless steel bowl prior to their placement

into sample containers. Sediment sample VOC aliquots will be immediately removed from the

bowl prior to mixing and placed in an appropriate sample container. Attempts will be made to

remove rocks, weeds, water, and other non-sample matrix materials from the sediment sample

matrix to ensure that each sediment sample contains greater than 30% solids. The physical and
~

geologic characteristics of each sediment sample will also be recorded in a field notebook.

Sample cores will be stored at approximately 4 degrees Centigrade following collection and VOC

screening.

- APPENDIX A, Page 3 -
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2.2 SEDThffiNT SAMPLE DESIGNATIONS

Sediment samples submitted for laboratory analyses will be assigned a designated field

identification number which will reference the site number, sample type, sample location, sample

number, and sampling date. Below is an example of a sediment sample identification number:

Example:

where:

MP-SD1-040593

MP = McAllister Point Landfill
SD = Sediment Sample
1 = Sample Number
100893 = Sampling Date (October 8, 1993)

- APPENDIX A, Page 4 -
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3.0 TEST BORINGS

Subsurface test borings will be conducted to aid in assessing the presence and nature of

subsurface soil/fill conditions at the landfill. If required by fit?ld conditions the rationale for any

deviations to the McAllister Point Landfill sampling plan will be discussed with representatives

of the Navy, EPA, and RIDEM prior to implementation of such modifications.

3.1 SAMPUNG STRATEGY AND LOCATION

Test borings will be drilled and sampled to aid in assessing subsurface soil characteristics

and the nature of soil contamination at individual sites. When appropriate, site background

information and the fmdings and results of previous investigations were used in establishing the

test boring plan.

3.2 SUBSURFACE SOIL BORING AND SAMPUNG METHODS

Split spoon soil samples will be collected at 2.0-foot intervals from each borehole.

Standard penetration tests [ASTM 01586-84 (1984)] will be conducted for every 2.0-foot

sampling interval. The physical characteristics of each soil sample will be geologically logged

and generally described in a field notebook. General observations which may be described

include staining, odors, fill material, and wastes. Soil samples to be submitted for laboratory

analyses will be transferred from the split spoon to the sample container with a dedicated

stainless-steel spoon. The portion of the sample which will be analyzed for VOCs will be

transferred directly into sample container(s). All other analytical fractions will be homogenized

prior to filling sampling containers. Sampling equipment (e.g., augers, drilling rods, spoons)

will be decontaminated prior to each use as described in the quality assurance/quality control

portion of the Work Plan. Split spoon soil samples will be monitored for the presence of total

VOC vapors with an organic vapor analyzer immediately upon opening. Field observations will

be recorded in a field notebook.

- APPENDIX A, Page 5 -
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At sites or boring locations open to the public, test borings will be backfilled to within

1.0 foot of the ground surface, after which a cement-bentonite grout will be used to "top-off"

the hole to minimize potential future human exposure to contaminated drill cuttings. Remaining

drill cuttings will be handled as described in the Investigation Derived Waste Plan provided as

Appendix A of this Work Plan.

3.3 TEST BORING SAMPLE DESIGNATION

Test boring samples submitted for laboratory analyses will be assigned a designated field

identification number which will reference the site number (McAllister Point Landfill- Site 01),

sample type, sample location, sample number, and sampling date. Below is an example of a test

boring soil sample identification number:

Example:

where:

MP-B42-041293

MP = McAllister Point Landfill
B4 = Test Boring Location Number
2 = Second Sample Interval
100693 = Sampling Date (October 6, 1993)

- APPENDIX A, Page 6 -
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4.0 LANDFILL GAS EXTRACTION WELLS AND VAPOR PROBES

Landfill gas extraction wells and vapor probes will be installed to aid in assessing the

nature and extent of any subsurface landfill gasses which may be present at the site. In

addition, these borings will be used to provide information on subsurface soil/waste

characteristics.

4.1 WELL LOCATIONS

If available, information obtained from initial Phase IT RI field activities (e.g., test

borings, soil gas sampling, geophysical surveys) may be used to "fme tune" the fmal vapor

extraction well locations at the site, as justified by the information.

4.2 WELL BORING, DRILUNG AND SOIL SAMPUNG METIIODS

The boreholes for extraction wells will be advanced using 8-inch minimum inside

diameter (I.D.) hollow-stem augers. Vapor probes will be advanced using minimum 4 1/4-inch

ill hollow-stem augers. Split spoon samples will be collected in vapor extraction wells at five

foot intervals from ground surface until the split-spoon refusal (encountered boulders or

bedrock). The split-spoons will be advanced according to the standard penetration test method

[ASTM 1586-84 (1984)]. The standard penetration test defmes split-spoon refusal as less than

six inches of penetration for 100 blows with a 140 pound hammer falling 30 inches in

conformance with ASTM 1586-84. The physical characteristics of each soil sample will be

visually characterized and geologically described in a field notebook. Split spoon samples will

also be monitored with a flame or photo-ionization detector (OVA or HNu). Observations will

be recorded in the field notebook.

Soil samples to be submitted for laboratory analyses will be transferred directly from the

split spoon to the sample container with a dedicated decontaminated stainless-steel spoon.

Sampling equipment (e.g., augers, drilling rods, split-spoons) will be decontaminated prior to

each use.

The fmal depth of vapor extraction wells will be assessed by TRC field personnel.

Variables to be considered in establishing the fmal well depth will include material encountered,

- APPENDIX A, Page 7 -
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obsetved contamination, geologic material, depth to the water table, and -site sampling

objectives.

Well boring drill cuttings will be handled in accordance with the Investigation Derived

Waste Plan described in Appendix A of this Work Plan.

4.3 EXTRACTION WELL AND VAPOR PROBE CONSTRUCTION

Drilling and weWvapor probe activities will be subcontracted to a qualified well drilling

fIrm. On-site drilling activities will be conducted under the supetvision of a TRC

geologist!engineer.

Landfill gas extraction well construction specifIcations for this project include the

following:

• Twelve inch borehole (minimum);
• Four-inch inside diameter PVC riser and screen;
• Threaded or press joints only on PVC pipe (no glued joints);
• Silica (quartz) sand backfill to one foot above the screened intetval;
• Two foot minimum thick bentonite seal above the sand pack;
• All casing sealant and drilling fluids will be mixed with potable water;
• Vented well cap; and
• Steel casing with a locking cap will be securely set in cement over the well casing

stick up and a minimum of three feet below the ground surface. Wells will be
clearly numbered on casing.

A typical gas extraction well is shown in Figure A-I.

Consistent with State of Rhode Island ground water regulations (even though these are

vapor extraction wells); the joints on PVC well material will be fItted with an "0" ring or

wrapped with teflon tape. The well screen slot size shall retain at least 90% of the grain size

of the fIlter pack. A bottom cap and a sump sediment trap shall be installed. The ground

surface seal will be flared such that the diameter at the top is greater than the diameter at the

bottom. The top of the ground surface seal shall be sloped away from the well casing and shall

be imprinted with the designation of the monitoring well.

- APPENDIX A, Page 8 -
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Well screen and riser lengths may vary for each extraction well. In general, screen

lengths for extraction wells will extend from approximately four to five feet below ground

surface to two to three feet above the highest daily ground water elevation. Well riser lengths

will be field-determined so the top of the casing extends approximately one to two feet above

the ground surface for wells with stick-up protective casing and approximately four to six inches

below grade for wells with flush-mounted curb boxes. The driller and TRC geologist/engineer

will maintain accurate written logs of the well construction details.

The vapor probe drilling activities will be performed by the drilling subcontractor under

the supervision of a TRC geologist/engineer. Construction specifications for the vapor probes

includes the following:

• 3-inch borehole (minimum);
• I-inch inside diameter PVC riser;
• Threaded or pressed joints only on PVC pipe (no glued joints);
• Silica (quartz) sand backfill to 1 foot above the screened interval;
• 2-foot thick bentonite seal above the sand pack;
• Backfill drilling materials to 2 feet below ground surface;
• Portland cement grout to surface;
• Vented cap; and
• Vapor Probe numbers will be clearly labelled on the casing.

A typical vapor probe well is shown in Figure A-2.

- APPENDIX A, Page 9 -
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5.0 LANDFILL GAS SAMPLING

5.1 LANDFILL GAS SAMPliNG METHODS

Gas samples will be collected from each vapor probe using Tedlar gas sample bags in

accordance with EPA Method 18, as indicated on Figure A-3. Using this method, the Tedlar

bag is directly connected to the 1/4" Teflon gas well sample line, which eliminates the potential

for ambient air infIltration through plumbing leaks.

Prior to sampling, the well will be purged of two well volumes of air. The Ted1ar

sampling bags will be at least six liters in volume to provide adequate sample for each screening

analysis, as well as the laboratory quality control analysis. Duplicate samples will be ,collected

on select samples as a backup in the event of bag leakage.

5.2 LANDFILL GAS SAMPLE DESIGNATION

Landfill gas samples submitted for laboratory analyses will be assigned a designated field

identification number which will reference the site number (McAllister Point Landfill- Site 01),

vapor probe network, sample location, sample number, and sampling date. Below is an example

of a landfill gas sample identification number:

Example:

where:

MP-VPA-1-041293

MP = McAllister Point Landfill
VPA = Vapor Probe Network A
1 = Probe location 1
100693 = Sampling Date (October 6, 1993)

- APPENDIX A, Page 10 -
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6.0 LAND SURVEYING

Following the completion of field exploration activities the site will pe surveyed by a

State of Rhode Island registered surveyor. The physical site features will be reproduced on a

topographic site plan (40 scale) with a one-foot contour interval from mean low water to the

Defense Highway. Cross sections of the 'project area will be surveyed at 100-foot intervals.

Shots will be taken along the cross sections at every 50 feet and at major topographic breaks.

Wetlands flagging will be identified on the site topographic plan. In addition, three recoverable

points will be established at the landfill with set horizontal and vertical coordinates. All

elevations will be referenced to a United States Geological Survey benchmark - mean low water

level (mlw) to the nearest 0.01 foot.
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APPENDIX B
INVESTIGATION-DERIVED WASTE PLAN

1.0 WASTE MANAGEMENT

Investigation-derived waste (lOW) material includes material generated as a result of site

investigation activities. These materials include auger cuttings, ground water development and

sampling purge water, decontamination fluids, and expendable personnel protective equipment.

During the course of the pre-design field exploration activities, care will be taken to minimize

the amount of lOW material which is generated and handled.

Generally, IDW materials will be placed in DOT-approved 55-gallon drums. Drums will

be filled to no more than 90 percent of capacity to allow for the potential expansion of waste

material. Drums will be marked with labels an~ ~delible liquid chalk pens by field investigation

personnel. Drum labels will be of a contrasting color (e.g., yellow) relative to the drums (e.g.,

black). Information recorded on the drums and labels will include:

• generator (US Navy, Naval Education Training Center, Newport, Rhode
Island, 02841)

• generator EPA identification number,

• source (e.g., site, well number),

• date(s) of generation,

• matrix (e.g., soil, water, etc.), and

• notes (e.g., odors, non-aqueous phase liquids, etc.)

The handling of specific IDW materials is described below. The handling and disposal

of all IDW materials will be the responsibility of the US Navy with assistance provided by TRC.

RIDEM and EPA - Region I will be consulted regarding the fmal disposition of all IDW

material.

TRC



Investigation-Derived Waste Plan

1.1 SOILS

Appendix B
Page B-2

Solid material derived from the subsurface exploration program (e.g., auger spoils, split

spoon samples, etc.) will be continuously observed for evidence of potential contamination (e.g.,

discoloration, odors, etc.) and monitored for the presence of VOCs using a photo and/or flame

ionization detector (pID or FID).

Drill cuttings produced from test borings which will not be used for the installation of

vapor extraction wells or vapor probes will be backfilled into their respective borings and a

cement-bentonite grout will be placed in the top one foot of the borehole as described in

Appendix C. Excess drill cuttings produced from vapor extraction and test probes will be

containerized in 55-gallon drums.

Drummed well boring cuttings will be segregated on pallets and staged on-site at the

completion of the drilling activities. The Navy will be responsible for staging all drums. Prior

to fmal disposition of these materials, the drums will be sampled and appropriately ch~cterized

to determine the applicable disposal requirements.

If the analytical results indicate the absence of contamination, the associated drummed

soil will be returned to the ground surface near the respective source location. IDW material

will not be placed closer than ten feet, nor further than twenty feet from its source location. The

location(s) where any drill cuttings are placed will be recorded in a field notebook. EPA

Region I and RIDEM: will be consulted prior to redepositing any IDW materials at the site.

If characterization of the drums' contents indicates the drill cuttings are hazardous, the

drummed IDW materials will be transported by a licensed waste hauler for treatment or disposal

in accordance with applicable state and federal regulations established under the Resource

Conservation and Recovery Act (RCRA).
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Investigation-Derived Waste Plan Appendix B
Page B-3

1.2 DECONTAMINATION SOLUTIONS

Downhole drilling equipment (e.g., augers, rods, cutting heads) will be stearn cleaned

prior to each use. Stearn cleaning will be conducted in a designated heavy equipment

decontamination area. Rinse waters from stearn cleaning will be recovered and contained within

drums for characterization and appropriate off-site treatment. Sediment/soil generated from

stearn cleaning operations will be drummed separately for appropriate characterization and

proper disposal.

It is not anticipated that significant quantities of decontamination chemicals will be

generated on-site during these investigations since the majority of the sampling equipment will

be laboratory-decontaminated. However, decontamination chemicals used on-site (e.g., hexane,

methanol, nitric acid) and water (distilled and tap) for the decontamination of sampling

equipment (e.g., split spoons) will be separately collected, containerized, and labelled for proper

treatment or disposal.

1.3 EXPENDABLE EOUIPMENT

Generation of expendable equipment (e.g., tyvek coveralls, gloves, boot covers, etc.)

should be minimal based on the anticipated level of personnel protection (Level D) required

during these investigations. Any expendable equipment generated as a result of field

investigations will be placed into trash bags and disposed of in Newport Naval Base outdoor

refuse containers. Refuse containers to be used for such disposal will be designated by the

NETC Public Works Department. Expendable equipment which is known or believed to be

contaminated (e.g., oily gloves) will not be disposed of in refuse containers. Such equipment,

if any, will be drummed, labelled, and segregated for future disposal.
,
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Addendum for Microsoft Windows/Spinnaker PLUS Version 2.0

Summary

HyperVentilate - the software guidance system created for vapor extraction applications is now
available for mM-compatible computers. In general, this new version (v2.0) appears and
functions like the original Apple Macintosh HyperCard version. Due to differences in the
computer platfonn and operating environment, however, there are some minor modifications.
This addendum to the original users manual identifies those modifications.

HyperVentilatev2.0is aproduetofcollaborationbetweenShellOilCompany andu.S. EPA, and
is still underevaluation. Should you encounterproblems that you think are "bugs", please write
to the author identifying the problem.

Modifications

• software platform
The original Hyperventilate program was developed and operated under the Apple
MacintoshHyperCardsoftwareenvironment,andinitially there were noplans to develop
an mM-compatible version. Due to popular demand; however, the author relented and
used the least painful method ofadaption to the new platfonn. This was accomplished
through the use ofSpinnakerPLUS, aHyperCard-like program that can utilize pre-v2.0
HyperCard stacks andfunctions onbothMacintosh andmM-compatibleplatforms. The
Microsoft Wmdows/Spinnaker PLUS version requires the user to have both Microsoft
Wmdows and a "Illn-time" version ofSpinnaker PLUS (Wmdows 3.0 version). infor
mation on SpinnakerPLUS can be obtained from:

Spinnaker Software
201 Broadway
Cambridge, MA 02139
(617) 494-1200

• stack names
As listed on p4, of the original users manual, HyperVentilate for the Apple Macintosh
consistsofeightfiles. TheSpinnakerPLUS versioncontainsonly sevenfiles. Thenames
are:

HxmQud Version Name Spjnnaker PLUS version Name

~,

~ t .Jo •

--,; 'I.~,
r

Soil Venting StacIe, SVS. sta
Soil Venting Help Stack SYHS.sta
System Design SD.sta
Air Penneability Test APT.sta
Aquifer Characterization AQ.sta
Compound List Update CLU.sta
HypeVent HYPEVENT.exe
f77.rl none

....................................................................................................................................__ ~W!!JJ..J .
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• installation
all files must be copied into the PLUS directoIy on your hard disk.

• starting HyperVentilate v2.0b
TostartHyperVentilatev2.0b, open theWmdows"FtleManager",navigate to within the
PLUS directoIy, then open (double-elick on) the file SVS.sta.

• printing cards , .
You may experience difficulties with some ofthe "Priilt" buttons in the program. Read
your PLUS manual to overcome these difficulties.

• appearance ofcards
Generally, thecardsappearas theyareprintedin the manual. Due toplatfonndifferences,
however, some text will appeardifferent. This problem is unavoidable with Wmdows
based systems, as different users will have their computers configured with different
screen fonts.

• tab keys
Some cards utilize spreadsheets. In the HyperCard :version the "tab" key is used to
navigate throughthesetables. InthePLUS version the"tab"keyisnotactiveandyou must
use the "anow" keys.

• speed
Due to platfonn differences, the PLUS version does not operate as smoothly, orquickly,
as the HyperCard version. The user will notice that with time the execution speed ofthe
programwill sloW; therefore, it isrecommended thatyou periodicallyexitfrom Wmdows
and restart the system.

On some machines, when HyperVentilate accesses the external compiled code
HYPEVENf.EXE afterclickingon the "GeneratePredictions" button on card 16 ofthe
SVS.sta stack, there will be a long pause (as long as a few minutes) as PLUS Windows,
andHYPERVENT.EXEfightoveravailable rpemory. Typicallycard 17 willeventually
be displayed with a shadedrectangle along a portion ofits 10wer1>~e1liiSbattle is
occurring. Bepatientandwaitfor thescreen toblankoutanddisplay themessage"HANG
ON..." indicating that HYPEVENT.EXE is running. If you have limited memory
«4MG), or too many applications open, this messagewill not be displayed, and you will
be returned to card 17 as iftheprogram had run. The userneeds to be aware that this may
occur.

.Add.elU1un12 _._ _._ _ .
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Software Installation Procedure

A discussion on how to load both Spinnaker PLUS and HyperVentilate

• Loading Spinnaker PLUS

• Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

• Loading HyperVentilate

• Installing Spinnaker PLUS "Run-Tune" Version with HyperVentilate

These directions presume that the user has a working knowledge ofMicrosoft Wmdows. The
operation of Spinnaker PLUS, and therefore the ffiM-compatible version of HyperVentilate
requires MicrosoftWindows Version 3.0orhigher. Ifyou are using aversion ofHyperVentilate
with a"run time"version,ofSpinnakerPLUS, skip to the"LoadingHyperVentilate"inswctions.

Loading Spinnaker PLUS

The SpinnakerPLUS package contains three 3.5-inch and three 5.25-inch diskettes from which
to install the program. Use these steps to install the program:

1. Enter Windows.

2. Double-click on the "Main" window icon (if this window is not already open).

3. Double-clickon the ''FileManager" icon; this will display the "DirectoryTree" window.

4. Insert Disk 1 into the appropriate drive (A or B).

5. In the upperleftcomerofthe"DirectoryTree"window youwill see symbolsrepresenting
the drives on your system. Click on the drive (A or B) where you just inserted Disk 1.

6. A listing of the files on Disk 1will ~ppear; double click on the file "plssetup.exe".

7. Awindowcalled"SpinnakerPLUS Setup"willappear. Changethepathoftheinstallation
from"C:\PLUS"to"C:\WINDOWS\PLUS"(Note:"C"is astandarddrive specification;
you should use the letter that designates where Windows is installed on your system).
Click on "Continue." The program will start copying files from Disk 1. Follow the rest
of the instructions and prompts on the screen.

8. When the installation has been completed, exit the ''File Manager" and exit Windows.

...............................................................................................................................................................................................A.44t:.!J!!J!ln..3......
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Creating the Spinnaker PLUS Icon and Opening Spinnaker.PLUS

1. Re-enterWindows. (Note: exiting and re-entering Wmdows is a step recommended by
the manufacturer ofSpinnaker PLUS).

2. Dose all windows so that the "Program Manager" window is the only one displayed on
your screen.

3. At the bottom of the window, there will be program icons displayed for "Main,"
"Accessories," and others. Is there aprogram icon named 'Wmdows Applications?" If
yes, double-click on it and go to Step 4. Ifno, continue with Steps 3a-c to create one.

3a. Click on"Flie" and drag down to"New." A window called"New Program Object" will
appear.

3b. Check to make sure "Program Group" is selected; click on "OK." A window called
"Program Group Properties" will appear.

3c. The cursor will be located at the description field Type in the words "Wmdows
Applications" and click on "OK." An empty window will appear called "Wmdows
Applications."

4. With this windowopen,clickon"File"anddragdown to"New." Awindowcalled"New
Program Object" will appear.

5. Check to make sure "Program Item" is selected; click on "OK." A window called
"Program Item Properties" will appear.

6. Click on "Browse." A window called "Browse" will appear.

7. Under "Directories," double-click on "plus."

8. Under "File Name," double-click on the "plus.exe" file. 1bis will bring you back to the
"Program Item Properties" window.

9. Dick on "Change Icon," click on the icon for "Plus," and click on "OK."

10. You will now be back at the "Program Item Properties" window. Click on "OK."

11. You will now be back to the 'Windows Applications" window displaying your "Plus"
icon.

12. Double-click on the "Plus" icon to run Spinnaker PLUS.

.Add.endunz..4 _ __._ _.._ _ _.....•_.........................•.......•...............__.......•_ .
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Loading HyperVentilate

The HyperVentilate package contains one 3.5-inch diskette from which to install the program.
TheprogramcanbeinstalledfromeithertheDOSpromptorfromwithinWmdows. Thefollowing
procedures are used for both types of installations (Note: For these installation procedures, the
3.5-inch drive from which you will be installing the program is assumed to be the B drive).

DOS Installation

1. Insert the HyperVentilate disk into the appropriate drive.

2. From the C:\> prompt in DOS, type "COpy B:\*.* C:\WINDOWS\PLUS".

Windows Installation

1. Follows Steps 1-5 of the "Loading Spinnaker Plus."

2. Dick on the B:\folder icon so that it is highlighted and/oradotted line appears around it.

3. Dickon"File"anddragdown tothe"Copy"command. The"Copy"windowwillappear.

4. The curser will be located at the "To" path. Type in "C:\WINDOWS\JlLUS"; click on
"OK."

5. When the installation is complete, exit from the "File Manager."

Opening HyperVentilate

1. Enter Windows.

2. Double-elick on the "Windows Applications" icon (if this window is not already open).

3. Double-click on the ''Plus'' icon.

4. Dose the ''Home'' window.

5. Dick on "File" and drag down to "Open." ·The window "Open Stack" will appear.

6. Either double-elick on the "SVS.STA" file or click on "SVS.STA" and then click on
"Open." The user is now in HyperVentilate.

.....................................................................- __ _.._ _ _ _ _ ,A..44t:.!14IlllJ..s..._
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Installing Spinnaker PLUS ''Run-Time'' Version with HyperVentilate

1. Create a subdirectory on the hard disk for HyperVentilate and Spinnaker PLUS "Run
Tune." For example, from the C:\'> prompt, type "MO WINDOWS\PLUS".

2. Copy all the files from both the Spinnaker PLUS "Run Tune" diskette and the
HyperVentilate diskette to the subdirectory. For example, from the C:\> prompt, type
"COpy B:*.* C:\WINDOWS\PLUS".

3. Followdirections in"Creating theSpinnakerPLUS Icon andOpeningSpinnakerPLUS"
with the following exception: substitute "plusrt.exe" for "plus.exe" in Step 8.

4. Follow directions for "Opening HyperVentilate" to ron the program.

..Ad.dendum.6 __ _ _.._._ _.._._ _ _ _: .._._.__ _ , _ _ .
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Disclaimer

The HyperVentilate softwarepackage was completed under aFederal Technology TransferAct
Cooperative Research and Development Agreement between EPA and Shell Oil Company,
signed in 1990.

EPA is facilitating thedistribution ofHyperVentilate because theAgency has found the software
andmanual tobehelpful tools, especiallyin teachingusersabout in situ soilventing and inguiding
them through a structured thought process to evaluate the applicability of soil venting at a
particular site. EPA's Office of Underground Storage Tanks advocates the use of innovative
cleanup technologies, and in situ soilventingisrecognizedas an effectiveremediation alternative
for many underground storage tank sites.

HyperVentilate is basedon thedocument titled, "APracticalApproach to the Design, Operation,
and Monitoring ofSoil Venting Systems" by P. C. Johnson, C. C. Stanley, M. W. Kemblowski,
J. D. Colthart, andD. L. Byers,published 1990by Shell Oil Company. The program asks aseries
of questions and fonns a "decision tree" in an attempt to identify the limitations of in situ soil
venting for soils contaminated with gasoline, solvents or other relatively volatile compounds.

EPA and Shell Oil Company make no warranties, either express or implied, regarding the
HyperVentilate computersoftwarepackage, its merchantability, or itsfitness/oranyparticular
purpose. EPA and Shell Oil Company do not warrant that this software will be errorfree or
operate without interruption. EPA andShell OilCompany do encourage testing o/thisproduct.

EPA willlJQJ.provideinstallationservicesortechnicalsupportinconnectionwiththeHyperVentilate
computer softwarepackage. Neither will EPA provide testing, updating ordebugging services
·in connection with the enclosed computer software package.

The HyperVentilate computer software package and this manual are not copyrighted.
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Disclaimer

Shell Oil Co. makes no warranties, either express or implied, regarding the
enclosed computer software package, its merchantability, or its fitness for
any particular purpose. Shell Oil Co. does not warrant that this software
will be error free or operate without interruption. The exclusion of implied
warranties is not permitted by some states. The above exclusion may not
apply to you. This warranty provides you with specific legal rights. There·
may be other rights that you may have which vary from state to state..

Apple is a registered trademark ofApple Computer, Inc.

Macintosh and HyperCard are trademarks ofApple Computer, Inc.

fl7.r! is a product of Absoft Corp

Comments/Suggestions?

Comments and/or suggestions about the usefulness of this program can be mailed to:

Paul C. Johnson
Shell Development

Westhollow Research Center
P.O. Box 1380
Room EC-649

Houston, TX 77251-1380.

Please do not call the author and/or Shell with questions about the use or
interpretation of results from this program.

•
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I. Introduction

In situ vapor extraction, or soil venting is recognized as an attractive remediation alternative
for "permeable" soils contaminated with "volatile" compounds. As Figure 1 illustrates,
vapors are removed from extraction wells, thereby creating a vacuum and vapor flow
through the subsurface. Until the residual contamination .is depleted, contaminants will
volatilize and be swept by the vapor flow to extraction wells. While its use has been
demonstrated at service stations, Superfund sites, and manufacturing locations (see Hutzler
et al. [1988] for case study reviews), vapor extraction systems are currently designed more
by intuition than logic. In fact, many systems are installed at sites where the technology is
not appropriate.

"A Practical Approach to the Design, Operation, and Monitoring of In Situ Soil Venting
Systems" "[Johnson et a1. 1990a - see Appendix 0] is a first attempt at creating a logical
thought process for soil venting applications. The article, which is based on earlier results
of Thornton and Wootan [1982], Marley and Hoag [1984], Johnson et a1. [1990], and
discussions with several of these authors, describes a series of calculations for determining:
(a) if soil venting is appropriate at a given site, (b) limitations of soil venting, and (c)
system design parameters, such as minimum number of extraction wells and potential
operating conditions.

HyperVentilate is a software guidance system based on the Johnson et a1. [1990a]
article. The software performs all necessary calculations and contains "help cards" that
define the equations used, perform unit conversions, and provide supplementary
information on related topics. In addition, a 62-compound updatable chemical library (to a
maximum of 400 compounds) is included.

Initial development of this program occured under the Apple Macintosh HyperCard
environment, due to its programming simplicity, ability to incorporate text and graphics,
and interfacing with other Macintosh programs (such as FORTRAN codes, etc.). The
objective was to create a user-friendly software package that could be both educational for
the novice environmental professional, and a functional tool for more experienced users.
The OASIS [1990] system created at Rice University for groundwater contamination
problems is another excellent example of the use of HyperCard as a technology transfer
tool.

This document is a users manual for HyperVentilate. It contains sections describing the
installation and operation of the software. During the development of HyperVentilate,
the goal was to create a guidance system that could be used with little or no instruction.
Experienced Apple Macintosh users, therefore, can load and explore the capabilities of this
program after glancing at the i'Loading HyperVentilate Software" section. Those users that
are less comfonable about exploring software without a manual are encouraged to read
through it once, and work through the sample problem. It is intentionally brief, and a
beginner should be able to navigate through the system in less than a couple hours. It is
assumed that the user has some previous Macintosh experience. If not, consult a
~1acintosh users manual for a quick tutorial.

v
2



- HyperVentilate Users Manual-
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Figure I. Schematic of a typical vapor extraction operation.
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II. Definition of Some Terms Appearing in this 'Manual

button

card
click
drag
field
HyperCard
mouse
select
stack

an object on a "card" that causes some action to be perfonned when
"clicked" on

- an individual screen that you view on your monitor
- refers to the pressing and releasing of the button on your mouse

refers to holding down the mouse button while moving the mouse
- a text entry location on a "card"
- a programmiitg environment created by Apple ~mputer, Inc.
- the device used to move the cursor within your monitor
- refers to "dragging" the cursor across a "field"
- a group, or file, of "cards"

III. Software/Hardware Requirements

Apple Macintosh HyperVentilate version 1.01 requires an Apple Macintosh (or
equivalent) computer equipped with at least 1 MB RAM (2 MB preferable), a hard disk,
and the Apple HyperCard Software Program (v 2.0). Check to make sure that your
system software is compatible with your version ofHyperCard.

IV. Loading HyperVentilate Software

HyperVentilate is supplied on an 800 kB double-sided, double density 3.5" diskette.
Follow the instiuctions listed below to insure proper-operation of the software.

1) Insert the HyperVentilate disk into your computer's floppy drive. The
HyperVentilate disk should contain the files:

- "Soil Venting Stack"
- "Soil Venting Help Stack"
- "System Design" .
- "Air Penneability Test" .
- "Aquifer Characterization"
- "Compound List Update"
- "HypeVent"
- "f77.rl"

2) Copy these files onto your hard disk. They must be copied into the folder
that contains the "HyperCard" program, or else the software will not
operate properly.

3). Eject the HyperVentilate. disk

v
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v. Using HyperVentilate

The authors of HyperVentilate intend it to be an application that requires little pre
training for the user. It is mouse-driven and instructions are included on each card, so
please take the time to read them when you flI'St use HyperVentilate.

This section of the users manual is divided into three subsections. Start-up instructions are
given in the f11"st, basic features of the cards are described in the second, and a sample
exercise is presented in the third. For reference, copies of all cards, as well as more details
on each are given in Appendices A through F.

V.l. Starting HyperVentilate

1) Those users with color monitors should use the "Control Panel" (pull down the
"ti" menu and select "Control Panel", then click on the "Monitors" icon) to set their
monitors to black and white, and two shades of grey.

2) To avoid unnecessary "card-flipping", set the "Text Arrows" option in your
"Home" stack "User Preferences" card to QD.. You can get to this card from within
any HyperCard application by selecting "Home" under the "Go" menu. This will
take you to the f11"st card in the "Home" stack. At this point click on the left
pointing arrow and the "User Preferences" card will appear on your screen. Then
click on the square to the left of "Text Arrows" until an "X" appearS in the square.

3) HyperVentilate is started by double-elicking on the "Soil Venting Stack" file icon
from the Finder (or Desktop), or by choosing "Open" under the "File" menu (Note
that using a more advanced version ofHyperCard than the one under which this
system was developed (v 2.0) may require you to first "convert" each ofthe seven
HyperCard stacks contained in HyperVentilate).

4) Your monitor should display the card shown in Figure 2. Note that there are a
number of buttons on this card; there are two at the lower left comer, and then each
file folder tab is also a button (some cards may contain less obvious "hidden"
buttons; try clicking on the authors name on the title card for example). Clicking on
any of these will take you to another card. For example, clicking on the "About

. This Stack" button wil~ take you to the card shown in Figure 3, which gives a brief
description about the use of b~ttonsand fields. Read this card well.

5) Explore for a few minutes. Try to see where various buttons will take you, try
entering numbers in fields, or play with calculations. Again, just remember to read
instructions given on the cards.

v
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(Click for calculation)
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En1er Number in Box

"--_-..;;..JII inches

C1lc on Ule ano"", or 0
move Ule box up or dovn
vith the mouse.

Return

Fields
Fielc1s may contain information, or they may be
a place for you to input numbers.

Scrolling Field:
C11ck on mow 10 move
1ext up or dovn

BODd Data Field:
When)'Ou see an I-beam

ClIr.Sor appear In a boxed
fael4, click Ule mouse in the
box 10 set tbe cursor. 'I1len
)'Ou may enltr datIL

A butbn vl11 tben lUuaIly
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ection or calculation.

Buttons
Buttons have been placec1 in each
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perform an action, such as:
~ 00 Home ~ tim
~ caxd In Vent1n( hck

[Q] 00 10 1l.extcaxd
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IAI PIintclll1 orltxt flel4
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Figure 2. First Card of the "Soil Venting Stack" stack.

Figure 3. Card HI of the "Soil Venting Help Stack" stack.
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Step 3: Location:
Action:

Result:

Card HI of the "Soil Venting Help Stack" stack.
Play with the buttons and scrolling field. Practice entering a number
in the field in front of "inches". Place the cursor in the box. It will
change from a hand to an "I_bar" as it enters the field. Hold down
the mouse button and drag the I-bar across the entry, which will
become hilited. Now type in another number, or hit the delete key.
Practice until you feel comfortable selecting text and entering
numbers. Then click on the "Click for Calculation" button. When
you are done practicing, click on the "Return" button.
Return to the title card of the "Soil Venting Stack" (Figure 2).

Step 4: Location:
Action:
Result:

Title Card of the "Soil Venting Stack" stack.
Click on the "Economics" file folder tab.
You are now at card 27 of the "Soil Venting Stack" stack. Take a
quick glance at this card, which is displayed in Figure 6.

Step 5: Location: Card 27 of the "Soil Venting Stack" stack.
Action: Click on the "House" button in the lower left comer.
Result: You are back at the title card (Figure 2).

Step 6: Location: Title card of the "Soil Venting Stack" stack.
Action: Click on the "Go to First Card" button.
Result: You are now at card 1 of the "Soil Venting Stack" stack (Figure 7).

The tvo major costs are
generally associated vith the
vapor treatment unit and

i
I
I·
I'
'I'
i.
; I..~

o

·Click· OD any item belov (&
hold button dovn) to see costs

associated vith thAt item.

ECOLlOO1LCS• ••~

For typical service station sites, ~
clem-up costs can range from ~

$100K - S2S0K for the venting ;jj;;l
operation alone, depending on ~!!i~

the complexity of the site, clean- ~ii;J

up time, permitting 1.1
. ts __A the f illfreqwremen , CWI.I type 0 :::;

vapor treatment system used. :!~!!
i!i~
.i.

dUll

:~Iii

~
•

. f1~~;~~~~~~; ,~,;:~A~~ ~ ~;);:~~ I~;;~;;~ t;~:'~'H ;;;:~~~ ~t~.~ ~:~::;;.~ :;;~':~;i; :;:~~~t~ ,,;~>~iif ;~;~~'·:i .;~:~1;f Z!}~~;;!· ~~~;t :
t

: 1

Figure 6. Card 27 of the "Soil Venting Stack" stack.
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This HyperCard Stack vas created to help guide environmental scientists
through the thought process necessary to decide if and hov soil venting might
be applied to remediate a given site. The organization and logic of this stack
foUovs the paper:

•A Practical Approach to the Design, Operation,
and Monitoring of In-Situ Soil Venting Systems·

by.

P. C. J0b30D, C. C. 3ta.D1e7, M. w. It.emllJovsti, J. D. Colthart. a. D. L. B,ea

published in Ground Water Monitoring Reviev, Spring 1990, p. 159-178

If at thb poiDt 7011. 10 DOt feel eomfonalllo Yitk the lISe of the llut1Ou. ploue
ellek once OD ·7· for DlOR info OD t!Ie meeba.1l1c:s of this stack- ••

Figure 7. Card 1 of the "Soil Venting Stack" stack.

Step 7:

Step 8:

Step 9:

Step 10:

Location:
Action:
Result:

Location:
Action:

Result:

Location:
Action:
Result:

Location:
Action:

Result:

Card 1 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow.
You are now at Card 2 of the "Soil Venting Stack" stack (Figure 8).

Card 2 of the "Soil Venting Stack" stack.
Read the text, and click on the "down" and "up" arrows on the
displayed text field under "About Soil Venting..." to make the
field scroll. Then click on the left-pointing arrow at the card bottom.
You are now back at card 1 of the "Soil Venting Stack" (Figure 7).

Card 1 of the "Soil Venting Stack" stack.
Click on the right pointing arrow.
You are again at card 2 of the "Soil Venting Stack" stack (Figure 8).
By now you should feel comfortable using the left- and right
pointing arrows to travel through the stack.

Card 2 of the "Soil Venting Stack" stack.
Click on the "?" button in the lower right comer of the card. This
button indicates that there is a "Help" card containing additional
information.
You are now at card H2 of the "Soil Venting Help Stack" stack
(Figure 9). Scroll through the list of references, then click on the
"Return" button to return to card 2 of the "Soil Venting Stack" stack.

At this point you should feel comfortable navigating around in HyperVentilate.

v
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AIHJDI St»1 YBDtI~I•••

Soil Venting (a.k.a. -in-situ soil
venting", -ncuum extraction-, &
-Ursitu vapor extraction-) is
rapidly becoming ODS of the most
practiced soil remediation processes
for permeable soils contaminated.
vith re1atiwly volatile
hydrocarbons.

The underlying phenomena that
influence the success of any soil
venting operation are easily
understood. By applymg a vacuum

VIICUUm
Blover

o

Vapor
'I'reaUl:l.ent UZI1t

VaporPlov

.
~

Figure 8. Card 2 of the "Soil Venting Stack" stack.
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'I
, I.,
!~,

,....~~~--IllI '0
Print ReferencesReturnH2

D. J. WDson, A. N. Clarke, IlI4 J. H. ClaW, son Clean-up byin-,ltu Aeration. I. Mathematical
Modellinc. Sep. ScleZlCe Tech., 23:991-1037, 1988.

M. C. MarJeyand O. E. HOI(, In4vced san Vent:lnc for the Recovez:ylRestlration of Ouolfne
H)'drocarbons in the Vldo,e Zone, NWWAJAPI COnre~DCe on Pe1Z'OJeum H)'drocarboN and
0rcUlic Chem1cw in Gro1l1l4valtr, HOlUbn, lX, 1984.

'"'/II.j.
-.:

JIII!I,

;:hJ,
':;!:

JlIiJlI

:i:ilji
P. C. Jolwon, M. W. lCembJoV3k1, IlI4 J. D. Colthart, Practical SmeniIl( Mode], for son 'Wil,
Vent:lnc Applicatlom, NWWAJAPI conre~ZICe on Pe1Z'OJeum H)'drocarbons arid Orcenlc Chemicw ililii;
lnOro1l1l4valtr, HOU3bn, lX, 1988. iiii~1

:j:!;f:
N J H Je B

. 1I11~1
. . ulZ r, . B. Mu:rphy, IlI4 J. S. Gierke, Sla1e of TechnoJocyRevlev: son Vapor Extraeuon I:.;;

"'",ms, U.S.E.P.A, CR-814319001-1, 1988. liIiHi

~illiil
;~:;i~

Figure 9. Card H2 of the "Soil Venting Help Stack" stack.
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V.3.2 Sample Problem Exercise - Is Venting Appropriate?

In §V.3.2. you will work through an example problem to lllustrate how one might decide if
venting is appropriate at any given site. For the purpose of this example we will use the
example site information given in Figure 10.

HB-3HB-SHB-tO
9.5

HB-t7
60

North SoUlh
0

Sandy
03 Oay o.s 031

10 0.2- 4.6- 1.2-

0.02 03 0.44

Fine to
8.220 0.0 Coarse Sanda......

0.0

~
214

en 30 - - -- 31- 0.63

l . Silty Clay 967 1.5
&

~40 Clayey Silt 971"is
~ 28679
8 - - -
B 1.6
.!!i

Fine to 23167 3.2_1Qso
Medium Sand

Static Ground
Wa1el'Table

o

SCALE(ft)

I
10

I
·20

Contamination Type: Weathered Gasoline

Figure 10. Sample site data (Johnson et a1. [1990a]). Total petroleum hydrocarbons
(TPH) [mg/kg] values are noted for each boring.
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Using your newly developed navigational skills and the right pointing arrow located at the
bottom of each card. slowly step your way through the stack until you reach card 7 of the
"Soil Venting Stack" stack (Figure 11). Take your time to read the text and "Help" cards
associated~with each card along the way.

Step 1:

Step 2:

Location:
Action:

Result:

Location:
Action:

Card 7 of the "Soil Venting Stack" stack.
Read this card. It explains the process that you will use to decide if
venting is appropriate. Then advance to card 8 of the "Soil Venting
Stack" stack.
You are now at card 8 of the "Soil Venting Help Stack" stack
(FigUre 12).

Card 8 of the "Soil Venting Help Stack" stack.
Read the instructions on this card. Take the time to read the
information on the two "Help" cards: "Info about Calculation" and
"About Soils (& Unit Conversions)". .

Now we will evaluate the efficacy of applying in situ soil venting to
the lower soil zone (45 - 50 ft below ground surface) in Figure 10.
which is composed of fine to medium sands. It also is the zone of
highest hydrocarbon residual levels (>20000 mg/kg TPH in some
areas).

I. Venting Appropriate?

Read This
!

At this point va vill proceed tbroUih a ~

sim~le ~ought ~rocess to d~ide if soil 11!T;

venting IS a feasible alternative. As :,:
. d Ii the thr· llil:mentione ear er, ee roam factors that :::~

govern the success of a venting operation are: :m
,ilii·

"- vapor flovrate ":i::
- vapor concentrations illl'. l
- subsurface stratigraphy (or the location of 11/1

contaminants relative to the vapor 1111:

flovpa~) ~

Figure 11. Card 7 of the "Soil Venting Stack" stack.
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Jnto about Celculation

1) Ch003e Soil 'I)pe, or
Optional- Enter)'Our own permeability valuu (darcy)

2) Enter Wen Radius (iD)
3) Enter Radiu orJn1luence (rt) It In1eZVIJ Thickness·
4) Optional- Enter)'Our own veil YlCWD1 (406· • max)
5) Click butt>n 1D calculate Predicted Plovrate RlIZICe.1I

Predicted Flovrate Ranges
Well Plovra1e

Vecuum (SCPM)
P w (smcle vell)

(in MaO)
r--~---'

,,<-'.'K=:Il,....::...,:: .. ' ;,., .
4"''0: ~·u..". .....C ••,',

Well Radius I 2 lin
Radius of Influence I 401ft
Interval Thickness· I 6,6 1ft

( ->Calculate Flovrate Ranges<-
• thltu.ur 01 rc,,_l brornJ. or

Jmrua)}t 10M (Yhltlt"r is raal1e".

About Soils (It Unit ConwDlons)

o Medium Sand
@FineSand
Q Silty Sand
o Clayey Silts
o Input Your Ovn Permeability Range

Permeability Range (darey)
I 1 I to I 10 I

Plowrate Eatimation:

Figure 12. Card 8 of the "Soil Venting Stack" stack.
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Vapor Concentration Estimation - Calculati n

CD Type in Temperature (·C) (hit <return» 18

Click to Enter Composition of Contaminant 0 Enter Distribution
® or 0 ·Fresh- Gasoline

Choose one of the Default Distributions @ ·Weathered- Gasoline

m Click to Viev Distributions, (optional)

mClick to Perform Calculations

( Viev Distributions )

@ Perform Calculations

Results:

PIintCardAbout Calculation

1.00000 I
F=;::O.;;05~18~4=:;1 atm

203.94818 I mgll
~~~.

Sum of Mass Fractions
Calc. Vapor Pressure
Calc. Vapor Concentration

~.....~-~~--~Hoy Do I Measure & D131ribution7•••

Figure 13. Card 10 of the "Soil Venting Stack" stack.

Help: Compound List
I Viev Only Mode I

, Compound Name

H16

Vapor
Mus Molecular Pressure (lltlll.)

Fraction Weight (g) 0 DJLj'C
1 propane 0.00 44.1 8.04613 ~
2 isobutane 0.00 58.1 2.15865

fw.ii3 .n-butane 0 58.1 1.97431 Ihlill

4 trans-2-butene 0 56.1 1.84196 ~i~"

5 cis-2-butene 0 56.1 1.67019 :!':;:

6 3-methyl-l-butene 0 70.1 0.88399 m~ii
7 isopentane 0.0069 72.2 0.73146

:::-
"slIli!

8 I-pentene 0.0005 70.1 0.64989 ~!~I

9 2-methyl-1-butene 0.0008 70.1 0.62093 "~III

~10 2-methyl-l 3-butadiene 0.0000 68.1 0.60914 <}
I 0.99628 I a SwnofMass Practlo1l3

(should be-1)

Hoy Do I Measure a D13tr1butlon? Return t) Vapor Cone. Estimation Card Print L13t1

Figure 14. Card H16 of the "Soil Venting Help Stack" stack.
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Step 6:

Step 7:
p

Step 8:

Step 9:

16

Result:

Location:
Action:

Result:

Location:
Action:
Result:

Location:
Action:

Result:

Location:
Action:
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At this site the residual hydrocarbon is a "weathered" gasoline, so
choose this selection from the three composition options listed. The
"Fresh" and "Weathered" gasoline selections correspond to pre
programmed compositions that are useful for estimation purposes.
If you knew the composition of your residual, then you could enter
it by selecting the "Enter Distribution" option. Click on the "View
Distributions" button to take a look at the compound library and the
pre-specified composition of "weathered" gasoline.
You are now at card H16 of the "Soil Venting Help Stack" stack
(see Figure 14).

Card H16 of the "Soil Venting Help Stack" stack.
View the library and pre-specified composition. If you are
interested, explore some of the help cards. Then click on the
"Return to Vapor Conc. Estimation Card" button to return to card 10
of the "Soil Venting Stack" stack.
You are now at card 10 of the "Soil Venting Stack" stack (Figure
13).

Card 10 of the "Soil Venting Stack" stack.
Click on the "Perfonn Calculations" button.
HyperVentilate calculates the maximum possible vapor
concentration corresponding to the specified composition and
temperature. The results are displayed in Card 10 of the "Soil
Venting Stack" stack, which should now look like Figure 13.

Card 10 of the "Soil Venting Stack" stack.
Using the right-pointing arrow button, advance to card 11 of the
"Soil Venting Stack" stack. Take the time to read the text, then click
on the "Calculate Estimates" button
You are at card 12 of the "Soil Venting Stack" stack. The calculated
flowrates and maximum possible removal rates are displayed along
with an updated list of the input parameters that you have entered.
Your screen should look like Figure 15, if you have chosen the
"IbId" units.

Card 12 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow button. You are now at card 13 of
the "Soil Venting Stack" stack. Read the text, then enter:
estimated spill mass . = 4000 kg
desired remediation time = 180 d
Now click on the "-->Press to Get Rates<--" button

v
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the next card tl assess It
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Figure 15. Card 12 of the "Soil Venting Stack" stack.

II So.t7 YeDlior Appropnale? Enter @ kg
At this point, you compare the Q) Estimated Spill Mass'--:":10=0=0IOlb

maximum possible removal rate ,;' <l) Enter Desired rto'ii1
vith vour desired removal rate. !'W! Remediation Time L.!!!!J days

" JIIII

Ifl' l!
If the maximum removal rate

;. ~
does not exceed your desired
removal rate, then soil venting :~!!.! Single Vertical Well Results
is not likely to meet your needs, :!~I:l'~'r==~:=::::=~--;:;;;;::;;;;-----:~:-ll• i····:· Desired Removal Rate: 22 22 [kg/d)
and you should cOl1S1der another .::~. Gauge Vacuum (in H2O): 200 [in H20)
treatment technology, or make r Min Plovnlt @ 200 in H2O 10 07 [SCPM)
your needs more realistic. ;::':: Max Plovralt @ 200 in H2O 100.66 [SCPM)

!i1ili
"iii Max. !:It R!movalRate:

In the next cards, va viU refine ,;;::: (lover es1ima.le) - per vell
the removal rate estimates in . ,.' (upper es1imafe) • per ven,

Figure 16. Card 13 of the "Soil Venting Stack" stack.
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Step 10:

Step 11:

18

Result:

Location:
Action:

Result:

Location:
Action:

Result:
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Your screen should now look like Figure 16. Note that your desired
removal rate (=22 kg/d) is less than the estimated maximum removal
rates for a single venical well (=165 to 1650 kg/d). At this point in
the screening exercise. therefore. soil venting still appears to be a
viable option.

Card 13 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow button to advance to card 14 of the
"Soil Venting Stack" stack. Read the text. then advance to card 15
of the "Soil Venting Stack" by clicking on the right-pointing arrow
button. Again. take the time to read the text. then advance to card 16
of the "Soil Venting Stack" stack. The focus of these cards is the
prediction of vapor concentrations and removal rates as they change
with time due to composition changes. It is imponant to try to
understand the concepts introduced in these cards.
You are at card 16 of the "Soil Venting Stack" stack (see Figure 17).

Card 16 of the "Soil Venting Stack" stack.
This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered.
Note that the summary table in the upper right comer of the card
contains all the parameter values that you have input thus far. The
instructions describe how to change these values. but at this point
we will retain the displayed values. Because it is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds. the output is simplified by
reponing the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion.
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button. read the help card.
then return to card 16 of the "Soil Venting Stack" stack. Click on
the "-->Set Default BP Ranges<--" bunon. Your screen should now
look like Figure 17. Click on the "Generate Predictions" bunon
The message "Sit Back and Relax..." will appear on your screen.
followed by a screen on which the following appears:
"Copyright © Absoft Corp 1988
Copyright © Shell Oil Co 1990
lIANG ON ----- YOU WILL BE RETIJRNED TO HYPERCARD••.
# OF COMPOUNDS IN LIBRARY = 62"
Then card 17 of the "Soil Venting Stack" stack will appear.

v
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G) ( Generate prediCtiOns)

Print Card

Temperature ("C)
SoflType
Sofl PeDlleab1l1ty Rance (dare)') t--i---i
Wen Radius (iJI)
Radius of I1l!lueZlCe (f~

Con1ltJnfDant Type
PeImllable Zone ThickN" (ft)

The model returns output that -0
allo"" )'Ou l) det!mUne
re,ldual amounts of j;i1ii:
compound3 fal1inc within 5 '::,

I!l!ll
bo11mc pointraneu. Type in !!!'!l
)'Our ovn raJl(es, or choose Ill!!
the default value,. 0

Model PnJtlictioD6

To the ~ht is .. summazy of the
dall.)'Ou have input It)'Ou wh b
cJwlce any of the 1n!o, then c1lck
on the paramet!r name, and redo
the calculations on the card )'Ou viU
be taken b. Press the b1in1droc
'Retum' bUft)n b come back

... 1en me more about BP ra:lges...

Figure 17. Card 16 of the "Soil Venting Stack" stack.

<D ( --) Import Data <-

PIRnPRESS mE IMPORT
DATABUnoNI

Qffl(O)
L-airl

c-resldual
.00
.24
.57
.98

1.49
2.11
2.87
3.81

Launch E:la:el

Sat1lR1r:4 Vapor I I [ ILlConcentration at Ume=o O.2053E+03 me

MiD Volume 10 Remon I 128.48 I !::ld~~'J
>9095 of Inlt1al Re,YUA1 -,..;.........;....;---- ...~ ......

Temperature (-c): !f--..;;.1..;;.8_.L.l _
Contarn1Nnt Type: Weatllere4 Ouollne I

BPI2 BPI3 BPI4 BPI5
Residual Residual Residual Residual
[96 l)lal [96 l)lal 96 l)lall 96 l)lal
11.650 24.010 22.140 41.510
9.263 23.982 23.000 43.632
6.755 23.474 23.820 45.950 ,"
4.512 22.403 24.577 48.509:~ j"

:;:i:1
2.632 20.771 25.248 51.350 iilih
1.222 18.503 25.766 54.509 iiiiil
.385 15.556 26.031 58.028 'llll~

068 12.053 25919 61.959

Print Card

Figure 18. Card 17 of the "Soil Venting Stack" stack.
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Step 12:

Step 13:

20

Location:
Action:
Result:

Location:
Action:

Result:

, ,'\ ,...
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Card 17 of the "Soil Venting Stack" stack.
Read the instructions, then click on the "-->Import Data<--" button.
Your screen should look like Figure 18. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
ofair drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount ofair that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card 17 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow to advance to card 18 of the "Soil
Venting Stack" stack. .
You are at card 18 of the "Soil Venting Stack" ~tack, which should
resemble Figure 19. Read the text. A summary of your input
parameters appears on the right side of this card. At the bottom
appears two calculated values representing the range of the minimum
number of wells required to achieve a 90% reduction in the initial
residual level in the desired remediation time. These values
correspond to idealized conditions, however, they can be used to
gauge the efficacy of soil venting at your site. For example, in this
case the minimum number of wells ranges between 0.7 - 7, which is
not an unreasonable number for a site the size of a service station. If
the range had been 100 - 1000, then it might be wise to consider
other remediation options.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability ofsoil
venting.

v
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Step 14: Location:
Action:
Result:

Card 18 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow button to advance to card 19.
You are now at card 19 of the "Soil Venting Stack" stack. This card
lists several phenomena 'that can cause one to achieve less than ideal
removal rates. Take the time to explore each of these options. then
return to card 19 of the "Soil Venting Stack" stack.

Is Veorioff Appropriare?

I fA

I WeatJaere4 Guo!iDe
I PIJle Sod

2 .

): 40

[ttl: 6.6

) [SCPM) 6.83
) (SCPM) 68.27

): 128.48
4000 19

da}"): 180

ofWelb
<I I4 7.23

PanmetieD

This is a complete summary Q
of the data and results. ll'!" Temperatll:e ["'0):

Based upon these numbers a ,i'!h Conlam1Jlant'1)pe:
I 1111' S n1)p

·minimum number of vells· ;~'!! 0 e:
Well Radius [in):

has been calculated, vhich .;;.:. Est Radius ot In1h1ence [tt
should give you some Penneable Zone 'I'hk:la\e$,

:;:~~~f~~:ngis for ·l@: :::;:~::~g~~:~:
your application. Note that :I~~i MJn. VoL ot Air [Uc-reJidual
this is the number of veUs if } EsUm&1ed spm Mu,:

:=-:.
circumstances are ideal, 5 ne,ired Remediation TIme [

l--,L.;~.a..-_.s-_---;::~~ I MiDimum •
0.72 ,< Bue

on Tour InPllt

Figure 19. Card 18 of the "Soil Ve~ting Stack" stack.
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Field Tests

Figure 20. Card 20 of the "Soil Venting Stack" stack.

V.3.3 Sample Problem Exercise· Field Permeability Test.

Note: It is recommended that you always plot and visually inspect your data prior
to attempting to fit it to any theory.

In this example, we use HyperVentilate to analyze air peryneability test data from the site
pictured in Figure 10. We will focus on results from the lower fine to medium sand zone
(45 - 50 ft below ground surface). Advance to card 20 (Figure 20) of the "Soil Venting
Stack" stack to begin.

Step 1:

Step 2:

Location:
Action:

Result:

Location:
Action:

Result:

Card 20 of the "Soil Venting Stack" stack.
Using the right-pointing arrow, advance to card 21 of the "Soil
Venting Stack" stack. Read the text, then click on the "Air
Permeability Test" button.
You are at card API of the "Air Permeability Test" stack.

Card API of the "Air Permeability Test" stack
Read the instructions, then click on the "Show Me Set-up" button.
Take a look at the figure, then click the "Return" button to return to
card API of the "Air Permeability Test" stack. Now click on the
"Test Instructions" button.
You are at card AP3 of the "Air Permeability Test" stack.

Step 3:

22

Location: Card AP3 of the "Air Permeability Test" stack.

v
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Step 6:
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Location: Card AP8 of the "Air Permeability Test" stack.
Action: Read the text, click the "clear" buttons to clear any entries from

columns, then enter the following data:

r = 53 ft r = 32.4 ft

I
Ii
• I. ', 1
I·

:!
-I

,!
'I
I
I
!
1

TlIlle Gauge Vacuum TlIlle Gauge Vacuum •
_______Ii!!!!!.l [in HzOll... r.:.;.:m;;,;.;in..l [in Hz01L... _

9 0.1 4 1.2
11 0.2 7 3.0
15 0.2 9 4.3
23 0.4 12 5.5
30 0.7 16 6.9
40 1.3 24 9.9

100 2.8 30 11
39 13
52 16
77 20
99 21

110 23
121 24.5
141 25.5

flowrate
screened interval thickness

= 15SCFM
= 6.6 ft

Step 7:

24

Result:

Location:
Action:

While entering the data it is convenient to place the curser in the time
column, type in the time value, then use the "tab" k€?y to advance to
the vacuum reading column. Enter the corresponding vacuum
value, then hit the "tab key again. As you see, this advances the
curser to the time column again. Now click the "-->Calculate<--"
button.
Your results should match those displayed in Figure 22. Soil
permeability values have been calculated by fitting the field data to
the theoretical model described in cards AP5 - AP7 of the "Air
Permeability Test" stack.

Card AP8 of the "Air Permeability Test" stack.
Review the results, then click on the "Explanation & Statistics"
button. This advances you to card AP9 of the "Air Permeability
Test" stack, which lists correlation coefficients for the data fitting
process. These values give an indication of how well the model
describes the behavior observed in the field. Values approaching
unity indicate a good fit. Your results should match those given in
Figure 23.

v
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Air Permeability Teat - Data Analysia (cont.)
r= I 32.4 I(ft)
(min) (in H2O)

1""' I I(tt>
(min) (in H20)

ExplAnAtion 8<. Statistic, AP8

En\er measuzed _
® Urne, and ~allCe

Y'llCUum3

CD Enler (optional):

a,) 11ovn.le

I 15 I(SCPM)

11) ,creeud inleIVal
thickness
I 6.6 I(ft)

( ->Calc:ula1e<--) k- I-==~

4 1.2~
7 3 ,.9 4.3

12 5.5
16 6.9

i11iit24 9.9
30 11 'Iml'J;,ij
39 13 ;.0

52 16 i:"

fo±i-
77 20 0-

j~.. '

J
0-

Figure 22. Card AP8 of the "Air Penneability Test" stack.

Air Permeability Teat - Data Analysia (bont.)
On 1he previou:s Card (AP8), 1he data)'Ou Input '\'ere fit" the approx1mAle expre"lon ~lY'enon Card
AP6. It wu analyzed u:s~ both methods descn'bed on card AP7, it )'Ou input V'8lues for the
extraction ven 11ovn.le (Q) end 1he stratum thickness (m). Belov each column of dati., 1he two

calcu1aled permeability values are denoted by.

darcY(A) • refers" ce.lculation method 1 (see Card AP7)
darcy(B) ~ refers" ce.lculationmethod 2 (see Card AP7)

Dunr.c 1he recres,x,n anal)"u, the dati. expressed as
pa1rs of points (In(1), P') are fit" a 1lne. The
·correlation coeffICient", r, is a measuze of hov ven
the data contonn " 1he 1heoretical cuxve. A3 r->1, 1he
dati. points all fall on 1he 1heoreti.cal curve. At the richt
are ~iY'en the correlation coefficient values for the three
dati. sets. Par more info on~ meaninc ofr, consult
any introdue"IY Statistics book.

Correlation Coef.
(I)

data,etll 10.9411581

dati. setl2 I0.98602 I
data set 13 INo Data I

Return AP9

Figure 23. Card AP9 of the "Air Penne~bility Test" stack.
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System Design
III ~..

r
SI.wV'.

T.1tiI1a lUacIae 0 ....01..
x~..,\o..c.llIi.u

Figure 24. Card 22 of the "Soil Venting Stack" stack.

V.3.4 Sample Problem Exercise • System Design

In this example we illustrate the use of HyperVentilate for system design guidance. As in
§V.3.2 and §V.3.3, we use the sample site presented in Figure 10. At this site gasoline
was detected in three distinct soil strata: a fine to coarse zone located 10 - 30 ft below
ground surface (BGS), a silty clay/clayey silt zone located 30 to 42 ft BGS, and a fine to
medium sand zone that extends from 42 ft BGS to the deepest soil boring (60 ft BGS).
Groundwater is detected in monitoring wells at about 50 ft BGS.

Advance to card 22 of the "Soil Venting Stack" stack to begin (Figure 24).

Step 1:

Step 2:

26

Location:
Action:

Result:

Location:
Action:

Result:

Card 22 of the "Soil Venting Stack" stack.
Use the right-pointing arrow to advance to card 23 of the "Soil
Venting Stack" stack. Read the text, then advance to card 24 of the
"Soil Venting Stack" stack.
Card 24 of the "Soil Venting Stack" stack, which appears in Figure
25, should be displayed.

Card 24 of the "Soil Venting Stack" stack.
Read th~ text, explore using some of the options. You will find that
the options: "Well Location", "Well Construction", "Surface Seals",
"Groundwater Pumping System", and "Vapor Treatment" provide
som~ useful guidance information on aspects and components of a
soil venting system. Return to card 24.
Card 24 of the "Soil Venting Stack" stack should be displayed.

v



- Hyp,erVentilate Users Manual-

Sysrem OeSigLl. ..
At the right is a list of the components
of a venting system desiB!L Click on
each to conduct the indicated phase of
the design process

Remember: It is ZlOt our in1enUon t) Jlrovide a
ceneric retlpe for nc:uum extzlcllon S}'S1em
4eslcD; w!I'a4 ..... ''Il(C~t the fODovtne as a
~ture4 thoUCht Jlroces,. ~ )'Ouhall ,ee,
even in a ,trw:tured thoUCht Jlroces" intll1llon
aM. experieDCe Jllay Important role,. There is
DO ,ubstitule for a c004 tlm4amentll
v:n4eman41Jlc of vapor tlov JllOCes,es,
1nNportphenomeu, IZI4 ClOun4ft1er1lovl

o Number of Extraction Wells

o Well Location

o Well Construction

o Surface Seals

o Groundwater Pumping System

o Vapor Treatment

Figure 25. Card 24 of the "Soil Venting Stack" stack.

.. , .. .,..
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Number of Venting Wella•••

The plOcedure for estimatizlc the requ1red
number of exua.c1lon 'Wells is slmnar t) the
process used JlrevioU3ly t) de1ermlne It
vent!Ilc Js appropI1a1e at a ctven si1e.

~ mllStra1ed at the licht, ..... wm esllma.
smcle vertical 'Well tlo'WR1e', cakWale the
mhlimum vapor1lovrequired, de1ennfne
the mal eX1ent of mnue%lCe, IZl4 Glen
facbr in any sllt-sped1'lc 1lml1allons. This
information Ulen de1ennlnes the lIecessll)'
number of exua.c1lon 'Wells.

~ ~ ~ f;X;;.. 1;,';' .~~:o.: " < :".. ',' :.-,:,,~ J'" -;:: ... :~'~ ,~, t."{l :t..... "

1: t:~ i:: ::~ ::::. ~.~ :.:,..: ~.:: .::: ~ ~~: ~,; ~ . ; '; ~~ ;Z L

Figure 26. Card SDI of the "System Design" stack.
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Step 3:

Step 4:

Location:
Action:
Result:

Location:
Action:

Result:
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Card 24 of the "Soil Venting Stack" stack.
Select "Number of Extraction Wells" from the list ofoptions.
Card SDI of the "System Design" stack should be displayed, as
pictured in Figure 26.

Card SD1of the "System Design" stack.
Read the text, then use the right-pointing arrow to advance to card
SD2.
Card SD2 of the "System Design" stack should be displayed.

Step 5: Location: Card SD2 of the "System Design" stack.
Action: Read the instructions on the card, enter the following values into the

tablet then click on the "Update" button:

Parameter
subsurface interval (ft BaS)
description of contaminant
radial extent of contamination (ft)
interval thickness (ft)
average contaminant concentration

Medium Sand
10-30
gasoline
20
20
100

Soil Zone
Clayey Silt

30-43
gasoline
20
13

. 1000

Fine Sand
43- 50
gasoline
20
7
10000

Step 6:

Step 7:

Result:

Location:
Action:

Result:

Location:
Action:

Card SD2 should now resemble Figure 27.

Card SD2 of the "System Design" stack.
Use the right-pointing arrow to advance to card SD3 of the "System
Design" stack.
Card SD3 of the "System Design" stack should be displayed.

Card SD3 of the "System Design" stack.
Read the text. Note that "clicking" on many of the table headings
will take you to "help" cards. Take a few minutes to explore the
use of these, then enter the following infonnation:

10 - 100 0.01 - 0.1
40 40

Soil Zone
Medium Sand Clayey SiltParameter

penneability (clarey)
design vacuum (in H20)
Well Construction:
Radius of Influence (ft) 40
Extraction Well Radius (in) 2
Extraction Well Screen Thickness (ft) 10

40
2
5

Fine Sand
1 - 10
40

40
2
5

28
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<!> lkcJ
o (lbJ

b1trval ..¥tnI'
tlkkMSS 'ox.

mlllkr

Con1lllnlnlnt
DisUibution

Select the lDtal mass
uNtJ thAt)'au prefer

( Clear All Entries)

Return

Please enler the required into11D&llon for elCh distinct soil
layer, clil:lt on the -Upd..,,- butQ:)n, IZl4 then proceed 10
'ale llext cud. (ie. cJl.clt on ncht mov ..t bottlm).
the tab ke can be 1I3e lD ve betvee ee

D sign Input Param ten•••
(soil str:atic~hy It con1amlMnt cbancleristics)

Figure 27. Card SD2 of the "System Design" stack.
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o ClAVlY SilE.
ExUICUcn Well

Construcllon

",n seno n.ti'iJ or
rMillJ tlkkMJ' iIll11itUt
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NOle: - click on any table headinc 10
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• use tab key 10 move
betveen eeu'

..mWa1Ill Yohmt 0( ftJOI" n,1ilrt& to KlltYt IUUIlatfoIl• Eaur or ,MoSt (rom wtll to) riPt

Clear All Entries

Description of
Soil UJlit

Please enler the requ1Ied Jnfo11D&llon for
each distinct ,oil~r. aDd 1Mn proceed
lD the Dext cud..

Design Input Parameten•.•

Figure 28. Card SD3 of the "System Design" stack.
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The "Critical Volume of Air" is caiculated by the same procedure
used previously in §V.3.2 (step's 10 -13). To initiate this
calculation, "click" on the "Critical Volume ofAir**" heading.
Card SDS of the "System Design" stack appears on your screen
(Figure 29).

Card SDS of the "System Design" stack.
Read the text carefully. The focus of this card is the prediction of
vapor concentrations and removal rates as they change with time due
to composition changes. It is important to try to understand the
concepts introduced in this card. For more information, read the
reference article contained in the appendix. Click on the "Do a
Calculation" button to advance to card SD6 of the "System Design"
stack (Figure 30).
Card SD6 of the "System Design" stack appears on your screen.

Card SD6 of the "System Design" stack.
This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered,
then enter "18" for the temperature and select "weathered gasoline"
from the three composition options. Because it is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card SD6 of the "System Design" stack. Click on the
"-->Set Default BP Ranges<--" button. Your screen should now
look like Figure 30. Click on the "Generate Predictions" button
The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:
"Copyright © Absoft Corp 1988
Copyright © Shell Oil Co 1990
HANG ON ----- YOU WILL BE RETIJRNED TO HYPERCARD...
# OF COMPOUNDS IN LIBRARY = 62"
Then card SD? of the "System Design" stack will appear as shown
in Figure 31.
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Cn"ticaJ 'Volume Calcul:ftioD.••

40
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60

Welltbered GIlSOline
T-20-c 80
10915 moisture content
C(t=O) a 222 men

o

.1

.01

.001

.0001 -+-.......--..----~.....-,--.. ......-+-+O
100 200 300

Qtlm(t=O) (1Jg)

The resullS are planed in UUs vay tl

emphasize that the degree of
remedialion that can be achiend by ,"

nntinc depends mainly on the W
volume of vapor extlIC1Ied divided
by the Initial mass of midua1 t::;

:=~~~ ::~t~P~X=telY ~~!IJ
100 liters of air must be wi1bdravn liil;,'
from 1he subsUI1'ace In order 10 ~
remove Ilbout 90915 of Il siIlc1e cram 10

r---------.,.~~QC/QC(t=O) % Removed
typlcaIlyobseM4in nnUnc ~ 1 ......:------~-----T 100
open.lions. ,I,ij

'jiili

':illl
).;

Return to Design Do a Calculation

Figure 29. Card SD5 of the "System Design" stack.

Cn"u"caJ'Volume
PredictioD6•••

Simply enltr 1he ltmperature Ilt
the right, and then specify the

composition of your contaminant
U you are unsure Ilbout this, click
on 1he ·About Composition. .. •
bun:>n lacilted Ilt the lover ri(ht

<D Temperature (-0) 18

Con1aminant-[ 0 Enter Distribution
~ Composition 0 ·Fresh· Gasoline

(choose one) @ "Weathered" Gasoline

( Viev Distributions )

® (-> Set Default BP Ranges <- )

The model returns output that -0
eJlo", you tl deteDnine
residualllmOunlS of i',

,::;"
compounds falling within 5 ""'"
boiliIl( pointnnges. Type in 1111"

your ovn ranges, or choose 1111i;:

1he default Y'Blues. '0 @ ( Generate prediCtions)

r' r ~ll me more about BP rangeSe .. About Composition...

Figure 30. Card SD6 of the "System Design" stack.
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Card SD7 of the "System Design" stack.
Read the instructions, then click on the "-->ImpoI1 Data<--" button.
Your screen should look like'Figure 31. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percen~ge of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card SD7 of the "System Design" stack.
Click on the "Return to System Design" button
A dialog box will appear asking: "Transfer Critical Volume Value?".
Click on the "Yes" button. You will now be prompted by another
dialog box asking: "What soil unit # is this value for?". Enter "1"
into the appropriate place then click on the "OK" button. You will
now be transferred back to card SD3 of the. "System Design" stack.
Note that the value "128.48" has been entered into the "Critical
Volume of Air**" column for the medium sand soil unit.

Card SD3 of the "System Design" stack.
Enter "128" into the "Critical Volume of Air**" column for the
clayey silt and fine sand soil units. For this example problem enter
"100" for the efficiency in all three soil units
Card SD3 should now resemble Figure 28.

Card SD3 of the "System Design" stack.
Click on the right-pointing arrow at the bottom of the page to
advance to Card SD4 of the "System Design" stack.
Card SD4 of the "System Design" stack should appear on your
screen.

Card SD4 of the "System Design" stack.
Assume th,at you wish to remediate this site in 180 days. Enter
"180" in the "Time for Clean-up" column for each soil unit. Click
on the "Update" button.
HyperVentilate calculates a range of flowrates to a single venical
well, then uses this value and other input parameters to determine
the minimum number of wells required based on two approaches.

v
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To read .about these, click on the "Number of Wells" column
heading. Your card SD4 should resemble Figure 32..

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability ofsoil
venting.

You can read about the effect of venting at this site in the article:
"Soil Venting at a California Site: Field Data Reconciled with
Theory", by P. C. Johnson, C. C. Stanley, D. L. Byers, D. A.
Benson, and M. A. Acton, in Hydrocarbon Contaminated Soils and
Groundwater: Analysis, Fate, Environmental Health Effects, and
Remediation Volume 1, P. T. Kostecki and E. J. Calabrese, editors,
Lewis Publishers, p.253 - 281, 1991.
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CDC --) Import ooto (-- SatlUated Vapor IO.2053B+031 [melL]COD.c:entration at t1me=O
FIRST PRESS niE IMPORT MiD Vol11DU1 10 Remon I 128.48 I [L-aitlc-
DATA BUlTONI >90. of ID1t1a1 ResS4ual ruldual]

Tempemtll1'll ("0): I 18 I
Conlam1nant Type: Weathered Gaso11De I

QtJM(O) Vapor Re,idual BPII BPI2 BPI3 BPI4 BPI5
L-airl COlIC. Level Re,idual Re,idual Residual Residual Ruidual

r;-re3idual [915 Initial) [915 Initial) [915 ~II1) 915"111 915~111 [915 ~II1) [915 ~II1)

.00 100.000 100.000 .690 11.650 24.010 22.140 41.510

.24 75.062 95.000 .123 9.263 23.982 23.000 43.632

.57 58.631 90.022 .000 6.755 23.474 23.820 45.950 ::~!i!'
',I.

.98 48.078 85.034 .000 4.512 22.403 24.577 48.509 :i;!l

1.49 39.390 80.034 .000 2.632 20.771 25.248 51.350 :'::1
Illil

2.11 31.941 75.035 .000 1.222 18.503 25.766 54.509 I','
illll

2.87 25.916 70.035 .000 .385 15.556 26.031 58.028 Illjlll

3.81 21.150 65037 .000 .068 2.05 25. 9 6 59 0

• Launch Exx:el SD7r •

Figure 31. Card SD7 of the "System Design" stack.

Design Input ParameteR•.•
Pleue enlllr(l) the du~d lime period for
remediation, (2) the deslcn cauge vacuum, and
1hen (3) click 1he "updalll" butbn.

NOlll: • click on any 1able bee4lnc " cet more 1n!o
• use Ul.b key~ move betveen celb

o C Update )

BISt4 oa. Criliul
Vol_."

M1r.lmum Number of Welb

Return

Plovmlll per Vapor
EXlrICt10n Well BISt4 u

ArIA
SCFM

De,ign
Vacuum

NA - ~l '~lIih hLplll 4aIa

Clear All Entries

Description of
Soil Unit

~-1_--!~ ,1_-....;l!l!,.r-~3~~ _~_ J~_M __O.L?.'-I--~!I!.j

.+-_~_-x..lI(''''~~.--O..1+-..lf.:I,"'4-.lII4.-=I>Wt.~.
'1-_...:l::~~__.t..l1.~9'J-:~--lU __O•.?

1I1-;1.+-----I----I----I--J:l-a l!2.. _NA. ---HA,~-A;~+_=_il_....ulo.j.
~-1- 1---t----~-_HA. _~_ ----HA. ---HA'-I---LlLQ.I.~I_....ul~.

1I1-"-I ~---I---_I__-HA ---HA. _H.A
.1-----f---.I----l-HA. _~ __NA. ---HA

NA" NA NA

Figure 32. Card SD4 of the "System Design" stack.

34
v



- HyperVentilate Users Manual-

References

Hutzler, N. J., Murphy, B. E., and Gierke, J. S., State of Technology Review:
Soil Vapor Extraction Systems, U.S.E.P.A, EPN600/2-89/024, June 1989.

Johnson, P. C., Kemblowski, M. W., and Colthart, J. D., Practical Screening
Models for Soil Venting Applications, NWWA/API Conference on Petroleum
Hydrocarbons and Organic Chemicals in Groundwater, Houston, TX, 1988.

Johnson, P. C., Stanley, C. C., Kemblowski, M., W., Byers, D. L., and
Colthart, J. D., A Practical Approach to the Design, Operation, and Monitoring of
In Situ Soil Venting Systems, to appear in Ground Water Monitoring Review,
Spring 1990.

Marley, M. C., and Hoag, G. E., Induced Soil Venting for the
Recovery!Restoration of Gasoline Hydrocarbons in the Vadose Zone, NWWNAP!
Conference on Petroleum Hydrocarbons and Organic Chemicals in Groundwater,
Houston, TX, 1984.

Marley, M. C., Baehr, A. L., and HuIt, M. F., Evaluation of Air-Permeability in
the Unsaturated Zone using Pneumatic Pump Tests: 1. Theoretical Considerations,
in review, 1990. .

Thornton, J. S. and Wootan, W. L., Venting for the Removal ·of Hydrocarbon
Vapors from Gasoline Contaminated Soil, 1. Environ. Sci. Health, AI7(1), 31-44,
1982.

Newell, C. 1., Haasbeek, J. F., and Bedient, P. B., OASIS: A Graphical Decision
Support System for GroUlld-Water Contaminant Modeling, Ground Water, 28 (2),
224 - 234, March - April 1990.

v
35



- HyperVentilate Users ManutJI·

Appendix A: "Soil Venting Stack" stack cards.

.



Ie

" A r=--~~816~,."........"l=--=""=IlJ~11~t~ r
~, ~J _l i a' • i.g D

~ 3'Im' J!l!l~II'"
I i~~ rl·8j~
! '[J ~llf'-Ir.{ ~
~ .... Il I!.( If II I
• I. -'-II

•• I' fi I I'

~ooo~oo

~ illHI
j.

".'

rlifj 11,J,Ii ~
I 'i Iii i I:, fl j,ij I 1-; rt ~ [I" ,-.ifl~- >

• .1i1!.1
1

r.:;
r~ J.fl. t 01
j rt I, ~!1 I'

... I J. t. J l • ' ~
'- , f

:';'." •• ~ 1 • '1:: :",

i It i: (. ! tei'l f I. I. ! ~ to
t!,.g~g lt~ (rt lg ~
,-81

rti '1~ ~~o ~
rt~ fliaa-i fi ii' ~
flrtrftf 1'1 ~
'1~11-!! fJf2 ~
1 I' ii'll> 1!1~ a
•~1jflJ,t '1 I ~,

. : .~

~lIrl'lillil fUiI J~
ill .II thlhl'f~i:l~ ~Ih !~. 8 I· I'
11I~J!lh~t .I

.'~lli:I[li!~11 1
11~~1· Ii'll.a-(
r '. , ," ; ",'''''',·,.c-

IIii' f~~l!il~ i
~lrl JII~iid t
t 5!t III, I Ii~' i
~la , ~~il ..'
Iii iim'~l:

.... ,'" .. ~

H

~
~ >!

r~ II!· i <~l'f: Iri 1~!HHiLfi;l r .fd I( H; 11'D'" Elf I

Ii I ,: Iii;
'1 S' 1>1&,1i(
'il ~ ~ f( '1119
I t II I" l rr

I ~ ~ •II •. j'> i (I
II f.: r.l -]i 1-1' ~ i~ i'a-i
I J r rfilii
II ;.,.. lr. l~g'I l' ~ j'" 8 ~ 5'J: - £ lIIf 1,,(
:w .§ I If. II.
I -:: .J" ~J I", ~, ~'i ~: ! II,1 I

en
~

<
Gl
:::J-S'
co
en
iii'
~.

o
II)

a.en

>
-00



o
IIIa
en

~
<
CD:a
s'ea
en

i•

I

/1, ..
.:~~.;.:.;;;.,,~. t

';';'~:"-:J.' I

, if~

I'~" rlU
~f.i Hi.~U
I~h I~HIIt rl &~~,
~ f ·1 It I.

101 Ie

:,~, f· ii.~ 000 o::g

f l.. i' i II' ; BIf i ~ l f. iII( It.!I ;:~[[6 i
i It ~ rr ..i i" [~

l'i88B B'1 I·f ;t;t &. i
~t i~qi

8 (.12'1
li'6ITITTli "" IIIIRlr~

~
~$4"I! . 11 IiI'.

f la i a
I :!I i l " JI In l jll_t fI:1I

hTiHli nUll
,'(f ICi'j ~ If:' II t ~
~ 8 cr a, -t .. J ~11 . i J,I ~

~.J " 'll;' '."~~' ',.c·: tt

f IlU in ~
2 J ,I • ~t f Iff &<1: ~.
f )11 !JI' ; i g. ~
i r II. ;.. I ~

l 8 II :!l ~
• I t ~ 0 i u': "I !"f

:' (3 8 (3 8
if r n n noo "'"
'l S. a: a: r"~ i1i· ii~i~i
• a~fnj I
I~~[ i i ~ t !
iiI f! -, [i .
nl'll i ~ n a 0

--1 5t . ! f I I i.
flnnn ! i ~ii 0 ~.
IUW ! ~ til 0R

SI I f r. tr'!o i D

i

:"1 f i1JI! Ii I t r,
11'''1111 1 2_ 1 .

I-llilla"f =c; I ~I111111 ~e I .~
. "I." t I: II • I:

OOlliJi~ I f l

-"-1-1 !IUJI~f
_tit lill!ra

H Ji I
....... Ii [ limll-JHt-r

"~i IHiU r iii t
J lili~11 n~ f
2 i~ I, !l ! 11 liB~'
2: r~tlJ'f.t til ~till ii Jif]
.' , ;" • <0'"'' .r.' 1

-.,f" y"',' ~"~'f I' " 'c":' '''8 "8"t
111: 11 <1 i ~ .. -
"+.!l < I Ii Ii
llr~!jr i ! 8( ~

88 II! 'i r f:

~~i ' 0 ~Ii « ~ ~;1 iiii i ;!__ • cr fa

r
s

°0 ~ ~ g ~ iii

~g

t

h ii1f·'·lli l'~IIi' I;
,!fg ,(-:. Ill!} t
8If g ~, 'I ~ ~
!iii fi! i.~~t I·

~ I .. I fJ~.S~i t i i g'l]
~.J ;', .c~ I-

I
.. ~

• t ~
r K r,

I

"A ~ f.~ ~If i' 11.1f f
11~1'11 I t.. r

r~t.lk on 'R· J~11l tit il~ till
f f i~ I f i

~.J: 'c.'g'> ,,;, 'g' ;, c.' ",' .c.:~ f
- - - - -~cl • l!!!!!::::: ~ ""1'f

.9

»
I\)



.f? <
a
en ~

~

»
Co)

•en
~

<
CDa -
~. -'
.en. .,t·

A~"" - ..},\"I;

~~i;~=-~,~"':.~
~'- ~J='j,,:_~~ -~ .
~-t_;',~..... "!.7J"1

;- '11tit ~ I wI ' ~I i~ ~
& Iii 1. 11 "11.1 11 t
i 1111(11911 •• ;11: f.
I ~ J II I" I
!C Ii", r Illiilll .

• 111!'~ _ I e

: 0 IIf2111-. @ ~ [Iii
..... ~ rdi:a

I .1 Is!
I ~Sla~~ '= i I
i ~~~tr~ I .~
• t

·~Il~ IfJlf'rl~ R
~!I J.~ 111 (1 {111-' r~l~ JI t p

!~II il HHhHi I
l( j. il;I'!'~le ff,l.1 !Ir!ill.alft ,fiJrrr~l

_. e •

'I!lt J.I(I]~! ~
illl·"J Ii" ~

5.i!J.i1•1hrli ~,
lilll' 4",l,r& ~
• t= ~ ~~!! ~

-', ~ liiHln~·1f 1-
i f li~!!rllll! i~ ~,- r tttt

I
II 'f !!'C;~
I ! ~))fi r-I

A .. i I
~ i::~H6. [I

:t

i~ iI

;":''fr~ Ii1~11.1 fJ· r ~1"8 . 1.1 .( If tr ~
lrt I~~ i :al rt ~rlf :~ii ~I t~! I

i:r Ihl1hh
~li t rl .l~",trlf·
lltr If 1'. rt l

Ii'

~
~

~
~~~
~'"lT"- ~

~,
"":'-+-r-:r- ~

i)'I"lii ~ ~
II n1iI!II Jf~lilill ~.1, II 1 ~.
hi II I .~

IJ1·1tl !
. J. J
1I- l! I

I .
I

I
I

.'



·Soil Venting Stack- Cards A4
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Appendix B: "Soil Venting Help Stack" stack cards.
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-Soil Venting Help Stack- Cards 81

Help: Preliminary Site Investigation

P. Co Jobooa, M. W.ItaIIWnUi, a4 J. D. CoIdwl, Pnmcll Scn>uIDc ModcJo r.. SaoJ
Y...,App/J..-. NWWAIAPI CaaC_lD~ Hy__ 1IIlI Oopmc a..1III'" "
iaCIrDIIIIII_,~TX,I"'. i

..'
IU.HIIZIIcr,B.B. MIDpII" a4J. 5. Ooatao.- fliT_on ......W: SaoJ Vopor &"1<0,,, ,~
5,-. u,sJl..P.A, CIl... I4JI9-4I.1, 1m. ;'

D.J.W'~A. N. CuD,IIld J. II. o.n., SaoJ c.-up~ III...... _ .... L MadlcIDoacli ~;,
WodoIIJq. Sop.sa-TocIl., 23"'1.10)1, \,...

More information about lile inveatilalion and rcmccbltion can be found in the
foil_ins article&:

M. Co Maley a4 0. B. Haoa.IDduood SaoJ Ycmma r.. die---,.~... fII a-....
1,,*__iDdlDV_Z-,NWWAlAPlCaaC_...__~1IIlI

Olposc Cl=Jcolo IJI ClrwDd_,"-TX, 19M.

Try thiI cumple:

!!D8 N1=IIu IaBoa

I 11 indica

(Click for calculation)

__+....51.. CCIIlinlew

Oct .. mu..- _ 1Di0'C

I:SI"P"-

Scrolllna Flclels

BOlllel Daa. Flliell

WlIaa"",_ ..I-'
aamx~••baud
IioW, ella: _ ... dID
boa _.noa""'---A_wiJJ_...u,...........,..,...._ .. aIaIIIdaL

Thia is the decision proc:cu lbal one IIIIISl follow 10:

I) decide if lOil venting is appUcable at a liven lile

Help: In-Situ Soil Venting System Design Process

( Calcuille) J'Iaf_.CoI_

When curiolll, click on Symbo",
PiClIlI'CI or TaL

Help: Stack Infonnation
.Illm2la
BIlIlOlIa have been placed in CiIdl
card. Qickin& on any bIIl10ft will
perform an action, 111m II:

~ 00 Hame lD finl
~ cordIDV _

[Q] 00 1_

ell 00 ..HoIp

Il"'il Plml_ ..
~ ,,,"_

2) dellgn an efl'ec:uve lOiI val1in& I)'IICnI

It is an .bridlod Version or FtgII", 2 in "A P'IId~tIl App,fHIdJ '" ,II. D.I;,,,
Opm'l_• .. MOfUlDrilt, o/I".siJ.. Soil V.llIi1t, S,m_", by P. C. JoIIIIIon,
C. C. Stailey, M. W. Kcmbl_llti, J. D. Colthan, and D. 1.. Byen.

API Publication 162&
"A Ovid< 10 the Aaeumcnt and RcmcdJllion or Underground PcltOlcwn
Releae.-,
American Pelrolcum 1natItllte, 1220 L Slrcet Nonhwcst" Wllhin&lOft DC, 20005

Help: Thennal Desorption Help: Incineration

In a thcrmIl deaorpuon lI'aImalI
proccu. lOiI. COlIIIIIlinatod wtth
volalilc/semi·volatile or.....ea are ~~.

Ileatod, and the volltJ1izcd ~
conwninanll are IU1ppcd With air, 1
ateam, or combIIItion produCtl 1
(bwncr fille &1Iea) at ",laIlvcly ,
modeat tempenllll'ca compcod trith f
incineration (2OO-SOO'C v.......

1()()()'1200·C). The deIortlod

OfIanic conwninanII are

0-0 ..0-_
a-...tI~

JL.:Q¥!iJ;;i&~
nc...11 S=w DooarpelD UIlaI

V

Incincnlion, or the IbcrmaJ
deatnaaion of wuu:a, is a complClC
deItrIIction ICCIuIoIoIY thai can be (z~
1IIod 10 lreat lOiis conwninated wl1ll %
I wide ranae of hazardou.l orllllie: ,~
WUICI. Conlaminatod lOita, "
allideea, or liquid wutcI are Idclod f
10 • bi&h-tempenlllre CClCllbIIItion
dJamber
(rowy kiln, flltod bearth, nIIIltiple
bear1II, ftllidizcd bed, liquid

Help: Composting Help: Land Fanning

Cornposlin& II an above·around 1011

IIlII1IlcmcnllCCllnique in wbich
amendod lOiI, COIllainln& orpIIic or
"'"lel, is placed in tarae pilea and ,.,
aeralCd. The lention aIhancea r=
microbiald~on by providJn&
ol.yaen 10 1IIe lOi1/WuIC. W1111
time, the cIccomposed _ is

reduced in weisJu and volume, and
the~ producca all.lbiliz.od,
ennchod, hul1llla-hke mauna!,

"1Andfarmin&" men 10 the
practice of Ipr'CIdina orlanic __

over an area of land, then rdyins ~}
on IWUnI microbial l<:IIon 10 i
clqrade the _ It is I tridely ,1$

accepted and coct-dl'ective practice
for the lI'aImalI of pelrOlcwn
hyclroc:arbona, chIllrUtaUd
COlIIpOWIda, and peal:icidea. In thia
~IOU_iatod

miaoorpnilma (b1ClCria and
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Help: In-Situ Biostimulation Help: Solidification I Stabilization

Tra_ of 1J'UUIId'Ir- and IOiI
CClIIlIIDinaslan bd_ the WIUr IIble

("1IlIInJed _") by bHiIu
bl~lian involva !be addillon
of aull'iaul IDIJIot 02 (UJUa1Iy u
11202 or 1Jquld 02) 10 II1Iql1ifCl' In
ordCl' lO eabaace lIIe deandadoa of
the IIydnIcabonI by 1adl._toU
mIcroba. The aull'iCIIIIIlld
oxyaca _ added abo.. pWIld lO

SlIbilit.lllon and to\iclificalioa arc
lra!InaIl pnlCCIICI cIeIip:d 10

eilhcr lmiwove Wille IIaad1iII& and
pbyIical dlanl:laiIliCl, decreue
lIIIfecc area _ wblch poUUtanlI
ClID 1aclI, Cll' limit the tobillilitJ of
haurdoua COllI\izlICIlIL Wbca
dIacuain& lbiIledIaoIOIJ,lbefoUowIaa cIefilIIli _

v......
N... M.I....' 'rell.'.

I I 00000 I. $111II 01_ AoclI...

C"-14 lie -I)

Compo. lid Na_ Fr.dlo. W.II~t Ca) ~CII"1·C

1 propulC 0.00 44.1 loS ~
2 iIotNlUIe 0.00 58.1 2.9)

~3 n-buWlC 0 58.1 2.11
4 lrUII-2-butale 0 56.1 137 ..
5 c:ia-2-bulCDC 0 56.1 1.79
6 3-methy1.I.butale 0 70.1 036 l,
7 ~ 0.0069 72.2 0.71 ..
8 l-paucnc 0.0005 70.1 0.7

9 2.melhyl.l·butale 0.0008 70.1 0.67
ri10 2-mcthvl.I.3.buladlene 0.0000 68.1 O.6S

Help: Compound List
I View Onll Mod. I

CoaymTp

(f)an/I

Otl/d
o cm2

Oclarcy

OJ
=u:iimI x 10 aa/4

Convert Fx!ll!l
Oan/l

Otl/d
e cm2

o darer

1)1lo....II...oI~.-...,...~ .. lIe__
2) C1Ioaoc laadal ....
) C1IoaocboI_.Cmet rar _ coI_aal)

Help: Soil Penneability Help: Vapor Flownue per Unit Well Thickness
Hoe ...t_1IIo"~1)'"0I&,..- II II Ie 1lIo""""..lIoIow.1IIo-.ly_._-a.nduIn_.......... &\OOIIICOI-u. While
.....1aIe1:...,.-. dlo"l)drulic c~) c...,J) c.......) ~lIa-n11' ..........._fary...1lowrua. r........., ... oI_.I=,1QI
__YIIJ".1lIo_nRl_lIy.

10' 10" 102
.,1110-.:,01..nIla1OD1apuL III poncu1lr,1IIo ~.......-ryia ....n,__

1
..1Il1lloocalpc:rmAlliIJIr....m _ Y&IJ" --.I .....0I1Ilapib*__.--

K=k PH,oI • 10
4 10~ 10..

10'
2

IIH.o • 10" I Q =x.kpy [l- (PAtm I Py) ]of, ..- J,.:T 10
2 10~ 10.1

H ~ ~(Ry/Rd1·_.·.. e-tlJl9lllI~ c: c: 10 10.7 10"
,~• .-....:rol_lo.ol"'l • • 10" 10'" t • miI~"lIIn_I...,JI ..I~1.... I
PIP·....,oI-U'O.,...1 !'y 10-1 10" 10~

Il • _1)'01... \.II 1004 &1=.... 0..01• .,

:J;
10" 10.1 10"

p•• 1!IoobIa,e-1I_.....III1/<m,.!J .. I-1
W1lO&-.~I)'YohDllia •• 1 ~• .-.a-__..-.un I 10'a,ba.r ..1_

:oc:
10'" 10° 10"..,.....a...,iII.......tc..JQ .- a" • rodi.oI ......naaoa wdI 1=1-'""""' ...... .,__01

""I 10~ JO"\ 10.7 lis • _oI_oIY.,......--.III...1-",,*,__~ IWIIliI
H • ..-01-.11_...."..... ocaI_C__oI.... YoI..)

• "1 • - .'; ...... " ... - •• " Return Ho.DoI_.o..on.......'
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Summary Card: Site Characterization

Conlamlnant Deu....t1oa

..._olr-fll-~
·dilaillllliaDol-m-iII__

.dioaillull ol_iIl--.l_

..._ol _ ......

• ClIlIIIpC*I ol_
.a1 --<apoClllll)

S.""."o.o Ch.,octl,III1.1

.1IliI_1"flI7---oI&..ol_."""
~1J_1lIiI1JPOI)

'closGID..-..
'''--...-.·-a_lIIIIoS__
•"'I'M• ..........,;Ii1J<-)........, -...-

...· _""_1..
·ACIoOdo _ ...-oI....-...........
....."'""""'--"IZIlL."M_W DC,_

Return

1 ....,..
2 ........
, w.-
4~

S~

6 ~1«
1 ...,.....
.\~, ~\---
\0 \

44.1 -4 I.S 1..5
SI.I ·\2 2n 2n
".\ .\ 2.1\ 1.1\
S~1 \ 131 \31
S~\ 4 \.79 \.79
70.\ 2\ 0"" 0""
12.2 21 0.11 0.11
1CI.1 30 0.1 0.1
10.1 '\ 0.61 0.61
61.1 J4 O.6S 0.65

Mal Frocllon DoLI
AD "frail' "W0II!Iar4'
D a-- o.a....

0.00 0.000\ 0.00
0.00 0.0122 0.00
0.00 0.0629 0
0.00 O.oocn 0
0.00 OOסס.0 0
0.00 0.- 0
0.00 0.\049 0.0069
0.00 ooסס.0 o.ooos
0.00 OOסס.0 0.0001 ' l
0.00 OOסס.0 OOסס.0

Help: How Do I Measure a Distribution?
II<aIiDa v..... a.-

MMo
IlioalDmIq _ ...._,......ol_pea__

Paml PluIam e.-
MoIo<uIa'rCl (AmI) Sol1l!lll1J DuL Pl-... ~.......l I'llII=-IpIldaIaod~CIlI,

Compound No_
w...... @\ @T. CocIf DuL -.-, Par _,..,.. ol--=a_......--ID ~
<p) ,.. 2O'C ............_ ••."....-_,..__ bo ..-

I I"...- 44.1 -4 I.S Q 73 0.00 _ ..III ¥V)' podlallllL .:~ T
2 ......... SI.I ·\1 133 49 531 0.00 ..:~ i, D.-..,. SI.I .\ 1.\1 61 946 0 ~~ TO_• .,.......~-._lll..,

~ III

~; I
4 ~...... SU \ \31 430 204 0 '1 aaIya _ lila..... bypi dlnmItOF"f'IIIc ....r- ..--S a..~"'II. 56.\ 4 1.19 430 204 0 .~. Jll>arlD_~=-_6.\01ll.Ulrll

6 '-JI.\~1lC 10.\ 1\ 0.96 \30 101 0 '.Z _,..-_......- .... -n .......... ClC'a.
~1 ......... 11.1 21 0.11 41 1162 0.0069 "'i _ol...Pl.....~c..-.~• 11""'11. 10.\ 30 0.1 \41 1\0 0.0005
! """""&lI:.) ia ....... no.. dlc 1ZIItDowD 1llII1IlIIl iI

9 1_)'1-\___ 10.\· 'I 0.61 US S15 0.0001 ." &IIyaod,..s__ollll prabclldiq--"_

102--. \.1 """"'- 61.\ J4 O.6S 641 '23 OOסס.0 _a-ollWO...........___..s
.........ol ........,...III_......

Sicli Vie. T., View

,.
».
/
~

.; C· alDW .... CVDGCIlftDeJD (III~J

..~. • alllllbcr~ CIDIDpCIIICDD

i & • mole lrKD..01 CIIIlp:D:Dl1

~~ p' .'oporJO-IIII ol c:aap.llCIIlIIIllDJ
i M.., ·--I&I&~_'I=p"'1
~j a .u.._o.e:-.u.O.llGII.-.x....

T ......... _,..-lXJ.T(C).m

V.....n••---

Ill. IhIa CIllmadoa ofequUibrium
(alllnled) vapar COIICaIInllClCll,
we UIWIlC dlat the contaminuIt
concentrations _ paLt cnou&h
(>200 III&fq ll'H) dlat It ia
dialribulcd between Vlpar,
IGItIed, cIiuolvcd-in-lOiI·
moialln. a: rr-phuca. In thil
cue, the equation at the right
oppU.. (look for 'a-h'& Law·
a: 1Ilc "Idea! Ou Uw· In &nJ
thermodynamiCll lClltboot for
rcfCl'CllCCl). We do corrccl fot

0.00 ooסס0.0

\000 0.07691
SOOO 0.31462
1000 0..53146
0.00 ooסס0.0

0.00 ooסס0.0

0.00 ooסס0.0

0.00 ooסס0.0

0.00 ooסס0.0

0.00 ooסס0.0

• e-pouu
I~
1 ........
3 "1"D'"""4 ....._

S D«pDIlC
6 ..-
1..
I .........
9..
10..-

Hel : 6a) Dilution Effects [Bypassing]

Tho ~ .... above clc:p.cu Ihc CAlC where lOme vlpoC'I·bypua· ZOIlClI of
o:\,'~:'an.ond tbctcrorc the v&poI1la1lOYcd from the wnCliOll weU
~ • mixlure of the vlpoC'I obJaincd from bolh coruaninalcd ond clClln."*'.... :! tha. One em rou&hlY judge the I1lIOIUU of bypuaina by 1Ilc weU
rta-"CIn:I.. ~.1Ild c:onwninlll1 dillributi~ OcneraUy, obIcrvcd

~.oc-JICO0)-.4_ 111 _--- -...".......-,-.
&"lbo_ar

CD--llllbo
~_I_lll

lbo1"olllo .... lboo....
no-.0.4: CoIcu1••

0.", .. -rr-.,CD 0...._. ""-1Il4.,..
.....~willboClllJllGd..... '-""",..D...T_.
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".:
t

DenvillOlll Cor these

cquWOIII are given in
Il.", --"--[aaa.ldl 10hns0n, Cl al·"A Proal"' ;'
I -1b:tIao oI"*IcHw" - [..I Approach to the Dealen.
R, • dI:tiIIOI_ .. wbacII-_ pn.u[..I Operation Ind MonilOringRI • cktl-. _ iD 1Ob:ll__ pn.u 1..1
c.. .---....- .. [aaI/'lB3J oCInSiw Soil VCIIIUIg
~ .clf..,..._ .m-..mclII_ [1II2AI) SyllCma" - 1990.e.. _1III.lIaI __ 01__.._ [..1It&J
,.. • _lRIIt .....,1kII=3)

, -_['1

Help: 6c) Low Penneability Lenses - EquationsHelp: 6c) Low Penneability Lenses

Help: Default Boiling Point Ranges Help: Boundary Layer Equations

CD ( -> Calc.iale c

aemonl
Tim. Ral. li

(day.) (lta/d) (m)

Il.", • __...11_

'I .dli_ICI.IlI.. IO _ ...II_
~ • cIl'..,.vcllll1 ..por *llloa oooIIICIGlt 1cm2l1', ·_lJoI w.I.IIIG-4&t1=...
k • ooiI p:.-.bi1Il)' 11> • ..,.. Dow 1c:mZ1
H ·1Il_0I...-........ [=1
III • ncb.. 01aan-oIwUJll -U 1=1
R., ·-...,"""_1=1
P_ ·.- _,.....1.016.1061/=-4

" PO' ·_ ,.....IIlc-...,"""~I
'.,. R,.qcRa .,,-U&a ft...... wtaadl caa"'JDMIGa .,....

R.,,-'lQC..

'l-ir(W-)llt)~IR.Y(P_-P..)]IIZ~

The equation .bove
eatimata the removal
nle !rom • layer oC
liquid product by a
ain&1e wdl, bucd on a ~'

Boundary LayCl' 1beory l
approach to the '(.
problan. It la DOl

directly applicable to

mixIurea,'*-it

Help: Low Penneability Lenses - Calculation

111Jt etIla' valuea into the
.ppropriate fields, then elicit on
the "calallarc" bullon.

The -Rdillve Elf"ICiCllC)'" 1& lhc 1
ratio oC the prccliaed l'CIMYal '$:<

rarc to lIIe n:moval nrc that ','.
would be obt.aincd it lIIe ezJncUd "
Vlpors ...ere aallln!Cd. or in ~~
equilibrium ...ith the liquid ..

I 7.437548 I
aelltlv. Emel.ney - 10

(~)

The Fonran program HYPEVENT will report RSulu.llevels oC COIIIpOUJIdI
CIII",& between -..lpCCl!icd boiling poau range&. The ddlult values bave
been choIa1ao that re:adu.lleve1& oC~ WIth boilin& poaua between
lIIe Collow",& compounda are grouped to gether.

Help: Boundary Layer Equations - Calculation

Propane - Isopcnune (-50 to :zg C)
Isopentane • Benzene (2g to 80 C)
Benzene • TolualC (80 - III C)
Toluene. Xylena (111 • 144 C)
Xylenes • Methylnapcbalene (144 - 2.50 C)

I Soli Type (choo.. one)

o Modllllll s-s 0 Ca)CJ SaIIa

o SaIry SIDlI @) I'IDo SIDlI

o !lIpuI Yaw 0.... I'l:rmuIlihlJ Raqo

C:I::J 10 DO (ducy.)

ill Process V.rlables,

o:r:J 1IIl_oIOCRIl:l1lOd iD~rw1 Irtl
DO ncb..oImn-oI_.-Ulhl
D::J _ .... -U 1OdI.. 1..1
~ appbod.""""" u-U r..mol
DO r.IuI ..ddlol_........... _

CD ( -> c.k.I.I. c-

Date and Time.."

.. :. -~ -' -: .~. :,' .

Sample dcvica arc Rolex walc:llea.
hour gluaea, sun dial., Ind limen.

OcncnlIy,the DATE Ind 11MB
IhOuld be I'CCIX'dcd alona with any
mc:uuranenJ. dlu iI made. OiVCD the
time Kale (or vcnting-rclatod
proccua. recording the time to the
nc&rc:It minUle abould be mflic:icnL

y
--

Dunna verllUl&o the prcuun:
...il!lln Ihc ndiua oC Influence oC
Ihc vapor eunc:lion wdl II
10WC'Cd. due to the .pplied
vaalum. ThilI_cring oCthe
prc:uure affects Ihc groundwater
level lit IhiI zone, Ind an
"upwelling", or local rile In the
Wlter table ...UI OCQIr.

Ground Water Table Upwelling
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Vapor Flow Rates...

V.por now rata from each
Cltlraclion well IJId inIO lIlY inJCCliOll
...ell& Ihould be monic.ored.

Sample mcaaurin& dcYicca include

piCOllllbcl. onfocc plata IIId
ratame:lCrS. h is imPonant CO havc
calilnted thcac dcYica .11he field
operating prcaurca IJId tanpcn_

~I
Prcuurer/V....111111 mould be
IIlCUlII'Cld 11 each aInCliOllIJld
injClctlOll wen. In Ilddwon" IUbIutf_

praIIIII'C cliAibuuOIlI (mo:aaura:I whit
YIidoIe zone inaall&uOIlI) arc IIICfuI
rar dcIaminin& Ihe zone of intluence
IIId vapor now palhL

1)picaJ prcuu:eI\'lQIum mcuurin&
dcYicca include II1IIICIIIIdG'I and
di1fcralllaJ prauure I.ulc&.

Vapor Concentrations & Composition... Temperature...

The vapor coneauntlon IJId
COmpollQDI1 from each Clttnelian
well Ihould be analyzed periodically.
llua dill II multiplied by Ihe
Cluncuon ...ell nownte CO c:aIQllltc
Ihe ratIO\'ll rate (i.c. Iblday). and
QlmUlalive amount of con:aminant

removed.

By illdf. vapor concenIrIUOIl dala
doca IIOllivc • completepl~ of
Ihe 1)'IlCIll'. performance. Decrcuea

'The lOll IJId amblCll1 tanpenlIIt..

can havc • lianific:am c1I'cet on Ihe .,

pcrfomwlCC of .oil vcnuna "ylICmI. :i
The lOa! tanpen~ affCCllIhe ;
coatlminant vapor conc:aurauona, ..>
wIlUc Ihe ambic:n1 tanpenlW'C ~~
ClllIllZ'OJa whelller ar IlOl condCIISIQOn. "

ar evCll freczin& wdl be .igniflCanL t
Far fulW'C reference. lhercforc. II II
uacfuJ CO m:ord Ihe amblCl\l1JId IOU
laIIpCnlUrCl.

- .·PVCPlpc

--,
aca Caala.... Vapor
Sompl... Pono.
na-upIc I.uda

V.dOl.
Zone

Jnsl.n.Uon..'

(I) by comperina a1netion weD
CIlIICCIIInliOlll wilh IOU au
ClIlICeZIII'I1iOlll, it 11 pouiblc CO
aumate Ihe fnc:tioD of..par thIl II
n_inllbrouah \be conwninated
zone (Lo. lIIc "dfie:iClIcy" of

n-Ihould be meuurcd
periodically .t cliffllal1 radial
cliawlca from lhe v.par CltlnClion
9011(.). Data fram 1011 au umplinJ '
II v.luablc for d\RIc rcuona:

Soil Gas Concentration & Composition...

Whenever Ihe contamln&ted zone Ii..
ncar lhe around....tcr tablc (...ilhin 3
co S fi). It is Important co monilOr lhe
....ler lable Icvd co IIIIIItC lbat
contaminated lOll. rcmein expoecd CO

vapar now. Mcuurin& lbc Wiler

table level durin& vcntin& II IIOl •
trivi.1 tuk becauac Ihe monilOring
...cll Il1UIt remain aeaJed. UlICIppina
\he well rdeuca \he ...lQIum and any
cffcetlbat It baa 0Il1he Wiler table

level

Water Table Level.v.ar conwninated lOils loc:ated neat lIIc Wiler table

Cumulative Amount Removed...

CUMUU.1lVE AMOUNT
REMOVED

.).:,
lIclc:tamincdbyinlqratin&lhe ,
mc:uurcd rClllOY.1 rata (nownte II ~

conccnlrauon) with lime. While: i
thia value: indicaICI how much 1:'
c:onwninant baa bcc:n removed, it is t
uau.lI)' IIOl vcry uacful for :'
dc1aminin& ...hCl\ CO la1I:e ',(
conf"lm\Ilion barilla. unJ... Ihe

original &pIll maaa is known ...cry ,~

ac:c:unte • In moat c:uea that

Extraction Well Vapor Concentration...

EXIRAcnON WEll. VAPOR
CONCENIltAnON

Ihe vap« c:onc:entntiona are aood
illdicationa of how elfCCllvcly Ihe

vc:n1ina I)'IlCm is worting. but
dccrcuea In Ylpor CJ.lraetlOll well
ClllDCCDlraliona arc DOC Ilralla
cvicIc:ncc thIllOiI concauraliona
bave dcc:reued. Decrcuea may.1so ~;

be due CO other phenomena IUch u «
WIler table levd Inc:rcueI, :J
increucd maaa trander raiatane:e
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Extraetion Well Vapor Composition...

EXTRAcnON WEU. VAPOR
COMPOSI1l0N

wbcD combined with npol'

ooaClClllMiOllllhll dala a1vca mare
inIIgh1 iDto !bedfea!v_ of !be
I)'IlaII. U!be _1 npot
ooaClClllMion cIocraIa wilblNl a
dwlge in 0lIlllp0CilIan, It II
probably clue 10 1ncn:ued _
lnJIIfcr railUllcc (walCl' lable
uPWd1in& dryln&-t of low

bill -. de. and II not

Soil Boring Data...

son. BORING DATA

Generally -wmation IOU boring. '$
ue lakca OIICC a I)'IIaD II IIltMd }
off. and lhClC are oflcn analyz.cel Cor "
TPH (lOla1 peuolcum ~

hydrocarbona) and volatile ':
rcaiduala.. r
One Ihould keep in mind lhat TPH ~
lClI\Illi can oft.ca be misleading, ,
.incc they _cal nothing about !be "
co lion of the raidull or ill

v..... l:J~c ._ D 1..,.- .....

(IIIIIl) 13 ·T ...
• ToI Xrtc-
• >Xrto-

Soli Boring Ru_ltI

Iknq TJ'H BTEX
1-... f .......1 ' .......f

Bd_

B·I 1200 20
B·2 ICOOO 120

B.' 1600 -
AIr:6
~ 20 ND
J1.S 120 0.1
8-6 S Nl)

son.GAS DATA

this data iI!be _1IICfUI bcc:au1lC
it yicIda Infarmalioa about !be
raicIuaI axnpocitioa Illd QtaIt of
ClnIlaIIIiaatioa.

Soli Gu Monitoring
Installallon Ruulll

Return .- . ~~.. .'..':.:; '~.'.,
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Appendix C: "Air Permeability Test" stack cards.
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Air Permeability Tests...

The purpose of an aar pamcabUily Iat iI
10 obulllllLe-spclClfic da1IlII&l will be ( Show M. Sct·Up )
IIICIlI inlhc ruvJ I)'IIan clcaipl. It it a
way 10 verity lII&l vauin& II an
appropriale remediation Iel:hnique foe
your lile. T.II InstrulJoftl )
In paniQlIar. _ 'YPica1Iy IriCliIO ,et a
bclICr CItimale of lhc IOU pcrmcabihl:y of
each distinct solilaycr 10 be aaud. and ( Data Anal,l" )a beucr CItimale of CClGWIIiMm vapor
COIIcallntiOCll

Air Permeability Test • Instructions Air Permeability Test • Sample Data

I)
PicIIared allhc riahlllte lhc

( show me umple dell ) IOUVICllWD_ -0 --
Identity soil ZOOCI 10 be _laS hm an air pammbiUly ..,

Si ~l ~~

" tal condIIcIed ina aUly ,
Qoqo

...
1) ""i:- Pore VoI._ 1lo~1i"'1 land.
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a. 0

,.chua and bofctlolc Iizc. Insure !hal ~ ( -> CaIQllale <- ) a ........16••
~ lhc Dcalp. Opcratioa, and • ~(. •

lhc well it not 'COIlIIllCUCI" 10 olhcr aoU ~
Dol........

MonilOriaa of In Silu Soil ..
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-Air Permeability Stack- Cards

Air PermeabUity Test • Data Analysis (conL)
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-Aquifer Characterization- Stack Cards 01

Aquifer Characterization:
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"System Design" Stack Cards E2

Help: Well Parameters Help: Minimum Number of Wells

kl....oaCnllalV....... olV.....

..
1IliIo

'l'P.-ll ... .... ol...u. ........

............IIow"""""'_ •__..,.......
doIiIDIlL If Ilc__...aarol_ II
__•....olmn-·ol._-u, ......

"WoIIllaIi.-·

Compnnd N,_ F••dlu WoI.kl <II tl~
1 prop8DC 0.00 44.1 8.5 :l;!
2 iaobvlafte 0.00 SU 2.93
3 D-bu'- 0.00 58.1 2.11
4 nna-2-bulalc 0.00 S6.1 1.97 ~

5 c:il-Ulutale 0.00 S6.1 1.79 ~

6 ~1·I.bulale 0.00 70.1 0.96 ,
7 iIopaaDC 0.00 72.2 0.78 ~.

8 1-paltCDC 0.00 70.1 0.7 t
9 2-mclhyl.l.bulmc 0.00 70.1 0.67
10 2-1IlClhY1.I.3-buudicne 0.00 68.1 U5

I 100000 I • Sam 01M.-Ift=_
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I
DI

•

'~-
.........1 .. ::::::::::::::1i:~:."

~ ·.·.·.·.·.·.·.·.·11·.·
_01000

uone weU illII!ficiClll, illbould
a1moIt alwaY' be pt.cal ill the
&CClIIlI:Cric _ of the

To be able to IlIccaafully1_
CllII'KIioa .....ns. passive .....111,
IlId IUrfacc acala onelllllA have a
loocIlIJldcmandin& of vapor now :
bc:barior. WeIll localionalbould .
be cbooa1to muimizc YIpOl' now t
lhrauJh the coruaminaLcd zone, :\
whI1e mlnimIzin& Vlpor flow t..
lhrOllJh CKhcr _

DetamIIIin& Ihc CUCl compocilioa of
coqJla mWurca
(mcb u luo1inc) requires lpecia1lzed
maly1ical UlCbniquCL For the putpO&e of
CIIlmarina lhc tcIpOCIIC to vClllia& however.
ID app-cWmatc COlqIOCilioa C&II be uacd with .f
Vcr)' loocI raul... ~

........- ..........__olwen. ..........
_--__olOlplll'''-lIlc_'·'''lIllil_
Wl ... rr-. Ja .....-...

V.......ailiCII_ol ~1
MopiD • ~I
Q-cI 110-."-...-a lUll

RlIUm to Dcsillll

v.,...
'reaer.M.I.ala.MOl.

.~

I~2 __

, &1'"D'"""
4 ......
5 ....,..
6.
7 ................
9 •.-a.
10 ........

Cui: _ -r.-or..

CD DII&..· ....... 1Ddr___.;)1110 CIlpCl4

.._Oa_'oaT-.

Jlcd_ .OC_,..
CD ........ IIJ ,...

--_110,""
lIlc_~

Contaminant Composition
I Vie" onl)' Mod. I

Well Construction

Bued Oft prcdiClive CljIIIliona. the
nownle ia C1pClCUI1 to inacuc: by
IS'lL when the GIndioa well

SUrfIcc ecaIa, IlIdI a
pol)'lllCl'-bued Iincn and upbah,CO_. or clay capI, arc
IOIIlC&imcs used to ClOlI1I'Olthe
vapor now palba. Fisure 12
WlIIInlathe effect lbal a IlUlfICe
ICDl will have oa Vlpor now
pallcmL For lhallow JraIDIICIIl

zoacs (<5 m) the llIIfaeclCDl will *
have • aiplf'1CIn1 dtect on the :;:
npar now patba. and reala CIII be {
lidded or rcroovcd to achic¥c Ibe ~

cIcaircd YIpOl' nowpalh. For ..

Suttace Seals
Wc1Jllbould be IICRICIICId 0lIIy
l1wuJh the _ of _,l...,b.doa,
unlca the pcmICIbllil)' to npar
now II 10 low Ibal rcnIO'II1 nla

would be paIcr it now were
induced in an IIdjaCCllllOilllycr.
Removal nte c.lJ/IIIICI for nrioua
mau-lnndcr IimilCd 1CCftIria. arc
diIasued elacwbcre iIIlhi1 audt.
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~rr?r?} :::'~
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:.:-:.:-:.:.:-:-:.:.:.:-: ..•:.:..:.:•.•..:..:.:..:.:.:: •.::..•::...::.•..•:.:.•..•:..•.•:..•..::::::::::::::::::::::.::
• SIoac.d 1'1 '1' .:.e-. J'ldma .': bart: :: t: Moo:aol :
:.:.:.:.:.:.:.:.:.:.::..: :.:4:.:.:.:4:.:.:.:.:.:.:
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I,;;; iiiiiiiiiiiir=~~.:.:..:.:..



111_ ·=iN... 1DiII
IIejul or beIow.._

lIItle,~ fIUIIlIlU'I
.,... wW lie NqlIired 100 '
.. CIIIIIIIIIllDaUllIOill-u.
apoed. III dalpIaa •
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~1001Ie_dIIl
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".....lIblewW_
..._ II qpliIIS.lhD

~wdI

(.alhD lIa-Il" rIIJIl).

VAPOR COMBusnON \lNITS:

Vapan .. indzaa... and
~ c1f1Cicndc8 ..
lJpicalIy >95.. A IIIpplanaIW
l\acI, .adl • propMe, II added
W_ emn'N... lIIlIaI
.lnCIlGa ...u npar
-.siGal 11'1011 lb8 Older of
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·Compound List Update· Stack Cards

Compound List Update
'Ibis cud ;. proYlClcd u a 1I11hty 10 let )'011 add, or cIc!etc compounda from !he
Compound UJl Oal.l Bue !hat lit;' propam IIaCI. Vou ma), not clctete or cIwlge \he
propcrt1co of \he baac 62 compounda, III\CC lhcac ore nccdcd for \he IWO default
guohne cue calallaliona (Le. lite "FraIt" and "Weatllaed" guolincl). U)'OII wISh
10 change art)' of lhe propcrlica of \he added chemicals, flt11 clctete thcm., \hen
rcllllCl't lhcm into \he ~oundUll Data Bue. Follow \he dltccuoltl below:

Fl

a.a.- _ 0I1bc roDoWllll'

@) la_1 •••noIuI

o ."ctc ,"mical

IDput Ibc ...-..otIbc nabl
(Il1O10-.-CIlIIlpoutld
_ror__l

cb<t OD Ibc ....- D Ibc 0"

C........I Nam.: NewCom
Molecala, w.,••L:.I:::;I;::,,?"m:::ol~'~I-r.I~O------·
Vapo' P,••a.. €lIte .attnl ..,10;;... __
Boma. P..al ttl attn ICJ ,,)0;.;;.. ....

Elpaaa>oli No...... NotAaxpICdl

( Inlert Compound)

'I
,j,
I
I
I
I

,j

~- '........ ". . .... :"';' .,.
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irA Practical Approach to the Design, Operation, and
Monitoring of In Situ Soil Venting Systems"



Reprinted from the Spring 1990 Issue of
Ground Water Monitoring Review

A Practical Approach to the Design,
Operation, and Monitoring of In Situ

Soil-Venting Systems
by P.e. Johnson, C.e. Stanley, M. W. Kemblowski, D.L. Byers, and J.D. Colthart

Abstract ,
When operated properly, in situ soil venting or vapor extraction can be one of the most cost-effective remediation

processes for soils contaminated with gasoline, solvents, or other relatively,volatile compounds. The components of
soil-venting systems are typically off-the-shelf items, and the installation of wells and trenches can be done by
reputable environmental firms. However, the design, operation, and monitoring of soil-venting systems are not
trivial. In fact, choosing whether or not venting should be applied at a given site is a difficult decision in itself. If
one decides to utilize venting, design criteria involving the number of wells, well spacing, well location, well construc
tion, and vapor treatment systems must be addressed. A series of questions must be addressed to decide if venting
is appropriate at a given site and to design cost-effective in situ soil-venting systems. This series of steps and questions
forms a "decision tree" process. The development of this approach is an attempt to identify the limitations of in
situ soil venting, and subjects or behavior that are currently difficult to quantify and for which future study is needed.

Introduction
. When operated properly, in situ soil venting or vapor

extraction can be a cost-effective remediation process
for soils contaminated with gasoline, solvents, or other
relatively volatile compounds. A "basic" system, such
as the one shown in Figure 1, couples vapor extraction
(recovery) wells with blowers or vacuum pumps to
remove vapors from the vadose zone and thereby reduce
residual levels of soil contaminants. More complex sys
tems incorporate trenches, air injection wells, passive
wells, and surface seals. Above-ground treatment sys
tems condense, adsorb, or incinerate vapors; in some
cases vapors are simply emitted to the atmosphere
through diffuser stacks. In situ soil venting is an espe
cially attractive treatment option because the soil is
treated in place, sophisticated equipmen~ is not
required, and the cost is typically lower than other
options.

The basic phenomena governing the performance of
soil-venting systems are easily understood. By applying
a vacuum and removing vapors from extraction wells,
vapor flow through the unsaturated soil zone is induced.
Contaminants volatilize from the soil matrix and are
swept by the carrier gas flow (primarily air) to the extrac
tion wells or trenches. Many complex processes occur
on the microscale, however, the three main factors that
control the performance of a venting operation are the
chemical composition of the contaminant, vapor flow
rates through the unsaturated zone, and the flow path
ofcarrier vapors relative to the location of the contamin
ants.

The components ofsoil-venting systems are typically

off-the-shelf items, and the installation of wells and
trenches can be done by reputable environmental firms.
However, the design, operation, and monitoring of soil
venting systems is not trivial. In fact, choosing whether
or not venting should be applied at a given site is a
difficult question in itself. If one decides to utilize vent
ing, design criteria involving the number of wells, well
spacing, well location, well construction, and vapor
treatment systems mus, be addressed. It is the current ~

state-of-the-art that such questions are answered more
by experience than by rigorous logic. This is evidenced
by published soil venting "success stories" (see Hutzler
et al. 1988 for a good review), which rarely include
insight into the design process.

In this paper, a series of questions are prese,nted that
must be addressed to:

• Decide if venting is appropriate at a given site.
• Design cost-effective in situ soil-venting systems.

This series of steps and questions forms a "decision
tree" process. The development of this approach is an
attempt to identify the limitations of in situ soil venting,
and subjects or behavior that are currently difficult to
quantify and for which future study is needed.
ne "Pnc:tic:al Approach"

Figure 2 presents a flow chart of the process dis
cussed in this paper. Each step of the flow chart will be
discussed in detail, and where appropriate, examples
are given.

The Site Characterization
Whenever a soil contamination problem is detected

or suspected, a site investigation is conducted to charac-



F1gure 1. "Bask" in situ soil-venting system.
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flgure 2. In situ soD-venting system design process.
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terize and delineate the zone of soil and ground water
contamination. In general, the site characterization is
conducted in two stages. The emergency response and
abatement phase assesses the immediate impact on
potential human and environmental receptors, and is
conducted in a relatively short period of time (days). A
detailed site characterization then follows. Its purpose,
like the emergency response and abatement phase, is
to determine potential migration pathways and assess
the environmental impact associated with present condi
tions and future migration of the contaminants. Often
the sequence of steps following initial response and
abatement is as follows:

Background renew: Involves assembling historical
records, plot plans, engineering drawings (showing
utility lines), and interviewing site personnel. This
information is used to help identify the contaminant,
probable source of release, zone of contamination,
and potentially impacted areas (neighbors, drinking
water supplies, etc.).

• Preliminary site screening: Preliminary screening
tools such as soil-gas surveys and cone penetrometers
are used to roughly define the zone of contamination
and the site geology. Knowledge of site geology is
essential to determine probable migration of conta
minants through the unsaturated zone.
Detailed site characterization: Soil borings are drilled
and monitoring wells are installed.
Contaminant characterization: Soil and ground water
samples are analyzed to determine contaminant con
centrations and compositions.
Costs associated with site investigations can be rela

tively high depending on the complexity of the site and
size of the spill or leak. For large spills and complex
site geological/hydrogeological conditions, site investi
gation costs may begin to approach remediati.on costs.
In addition, the choice and design of a remediation
system is based on the data obtained during the site
investigation. For these reasons it is important to ensure
that specific information is collected, and to validate the
quality of the data.

I( it is presumed that in situ soil venting will be a
~ndidate for treatment, then the following information
needs to be obtained during the preliminary site investi
gation:

Subsurface characteristics - site geology: This
includes the determination of soil stratigraphy (va
dose and saturated zone) and characteristics of dis
tinct soil layers (i.e., soil type, permeability estimates).
While they are not essential, the moisture content,
total organic carbon, and permeability ofeach distinct
soil layer also provides useful information that can
be used to choose and design a remediation system.
Subsurface characteristics - site hydrogeology:
Depth to ground water, and the ground water gradi
ent must be known, as well as estimates of the aquifer
hydraulic conductivity.

• Contaminant delineation: The distribution of con
taminants in the saturated and vadose zones needs
to be assessed. This includes the extent of the free
phase hydrocarbon, residual hydrocarbon, and solu-



"Weathered" Gasoline

0.4

0.2

O.o"-~.,--",,,,:;;:::;,,_-. ......-..,...-...........-l
-40 0 40 80 \20 160 200 240

T (oC)
b

Figure 3. Boiling point distribution curves ror samples or
"fresh" aDd "weathered" gasollnes.

1.0~--t--+--I--+---l~I-+-+-:"'"

0.6

tages over conventional soil boring techniques (as a
preliminary site characterization tool): (1) the subsur
face soil structure can be defined better; (2) no soil
cuttings are generated; and (3) more analyses can be
performed per day.

• Temperature (both above and below ground surface)
Contaminant vapor concentrations are dependent on
temperature, and therefore, removal rates are
strongly influenced by subsurface temperatures.
Above-ground temperatures will influence the selec
tion of materials and construction of the above
ground vapor treatment system.
Results from the preliminary site investigation

should be summarized in contour plots, fence diagrams,
and tables in preparation for deciding whether venting
is appropriate, and for the final. design of the system.

Deciding if Venting Is ApPropriate
As preViously -stated, the three main factors govern

ing the behavior of any in situ soil-venting operation
are the vapor flow rate, contaminant vapor concentra
tions, and the vapor flow path relative to the contamin
ant location. In an article byJohnson et a1. (1988), simple
mathematical equations were presented to help quantify
each of these factors. Following it is illustrated how to
use these "screening models:'and the information col
lected during the preliminary site investigation to help
determine if in situ soil venting is appropriate at a given
site. In making this decision the following questions will
be answered:

1. What contaminant vapor concentrations are likely
to be obtained?

2. Under ideal vapor flow conditions (Le., 100 -1000
scfm vapor flow rates), is this concentration great
enough to yield acceptable removal rates?

3. What range of vapor flow rates can realistically
be achieved?

4. Will the contaminant concentrations and realistic
vapor flow rates produce acceptable removal rates?

5. What residual, if any, will be left in the soil? What

Cumulative
Weight 0.8
Fraction

ble hydrocarbon. Soil samples should be analyzed to
determine which contaminants are present at what
levels (contaminant composition). Specific analytical
methods should be used to identify target compounds
(Le., benzene, toluene, or xylenes) and total hydrocar
bons present. For soil analyses these !11ethods are:
EPA 8240, 8020, 8010 - volatile organic chemicals
(VOCs)

EPA 8270 - semivolatile organic chemicals
EPA 418.1 - total petroleum hydrocarbons (TPH).

The corresponding methods for water samples are:

EPA 8240, 8020, 8010 - volatile organic chemicals
(VOCs)

EPA 8270 - semivolatile organic chemicals
EPA 418.1 - total petroleum hydrocarbons (TPH).

With the current high cost of chemical analyses it
is important to intelligently select which analyses
should be performed and which samples should be
sent to a certified laboratory. Local regulations usu
ally require that a minimum number of soil borings
be performed. and target compounds must be ana
lyzed based on the suspected composition of the con
tamination. Costs can be minimized and more data
obtained by utilizing field screening tools, such as
hand-held vapor meters or portable field gas chroma
tographs (GCs). These instruments can be used to
measure both residual soil contamination levels and
headspace vapors above contaminated soils. At a
minimum, soil samples corresponding to lithology
changes pr obvious changes in residual levels (based
on visual ,observations or odor) should be analyzed.

For complex contamination mixtures, such as gas
oline, diesel fuel, and solvent mixtures, it is not prac
tical or necessary to identify and quantify each com
pound present. In such cases it,is recommended that
a "boiling point" distribution be measured for a
representative sample of the residual contamination.
Boiling point distribution curves, such as shown in
Figure 3 for "fresh" and "weathered" gasoline samples,
can be constructed from GC analyses of the residual
soil contamination (or free product) and knowledge of
the GC elution behavior ofa knQ.wn series ofcompounds
(such as straight-chain alkanes). Compounds generally
elute from a GC packed column in the order of increas
ing boiling point, so a boiling point distribution curve
is constructed by grouping all unknowns that elute
between two known peaks (i.e., between n-hexane and
n-heptane). Then they are assigned an average boiling
point, molecular weight, and vapor pressure. Use of
these data will be explained later.

The cone penetrometer, which is essentially an
instrumented steel rod that is driven into the soil, is
becoming a popular tool for preliminarysite screening
investigations. By measuring the shear and normal
forces on the leading end of the rod, soil structure
can be defined and permeability or hydraulic conduc
tivity can be estimated. Some cone penetrometers are
also constructed to allow the collection of vapor or
ground water samples. This tool has several advan-
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vapor composition and concentration changes will occur
with time? How do these values relate to the regulatory
requirements?

6. Are there likely to be any negative effects of soil
venting?

Negative answers to questions 2 or 4 will rule out
in situ soil venting as a practical treatment method.

What Contaminant Vapor Concentrations Are Likely
to Be Obtained?

Question 1 can be answered based on the results of
soil-vapor surveys, analyses of headspace vapors above
contaminated soil samples, or equilibrium vapor models
(Johnson et ai. 1988). In some cases just knowing which
compounds are present is sufficient to estimate ifventing
is feasible. In the absence of soil-vapor survey data,
contaminant vapor concentrations can be estimated.
The maximum vapor concentration of any compound
(mixture) in extracted vapors is its equilibrium or"satur-

ated" vapor concentration, which is easily calculated
from knowledge of the compound's (mixture's) Q1o~ecu

lar w~ight, vapor pr~ssure at the soil temperature, resid
ual soil contaminant composition, and the ideal gas law:

~ x,rM.JCal =~
i RT

where:
Cal = estimate ofcontaminant vapor concentration

[mgIL]
Xi =mole fraction of component i in liquid-phase

residual (Xi = 1 for single compound)
Pt = pure component vapor pressure at tempera

ture T [atm]
MWJ = molecular weight of component i [mg/mole]
R = gas constant = 0.0821 l-atmlmole-oK
T = absolute temperature of residual [oK].
Table 1 presents data for some chemicals and mix-

TABLEt
Selected Compounds and Their Chemical Properties (Johnson et aI. 1988)

Compound M. Tit (l.tm) Py·20 C C.
(glmole) (C) (atm) (mgIL)

n-pentane 72.2 36 057 1700
n-hexane 86.2 69 0.16 560
trichloroethane 133.4 75 0.132 720
benzene 78.1 80 0.10 320
cyclohexane 84.2 81 0.10. 340
trichloroethylene 131.5 87 0.026 140
n-heptane 100.2 98 0.046 190
toluene 92.1 111 0.029 110
tetrachloroethylene 166 121 0.018 130
n-octane 114.2 126 . 0.014 65
chlorobenzene 113 132 0.012 55
p-xylene 106.2 138 0.0086 37
ethylbenzene 106.2 138 0.0092 40
m-xylene 106.2 139 0.0080 35
o-xylene 106.2 144 0.0066 29
styrene 104.1 145 0.0066 28
n-non;me 128.3 151 0.0042 22.0
n-propylbenzene 120.2 159 0.0033 16
1,2,4 trimethylbenzene 120.2 169 0.0019 9.3
n-decane 142.3 173 0.0013 7.6
DBCP 263 196 0.0011 11
n-undecane 156.3 196 0.0006 3.8
n-dodecane 170.3 ' 216 0.00015 1.1
napthalene 128.2 218 0.00014 0.73
tetraethyllead 323 dec.@200c 0.0002 2.6

gasoline' 95 0.34 1300
weathered gasoline2 111 0.049 220

'Corresponds 10 "fresh" gasoline defined in Table 2 with boiling point distribution shown in Figure 3.
'Corresponds 10 "weathered" gasoline defined in Table 2 with boiling point distribution shown in Figure 3.
Tb (l atm) • compound boiling point at 1 atm absolute pressure.
Mw • molecular weight.
Celt' equilibrium vapor concentration (see Equation 1). .
P: (20 C)•• vapor pressure measured at 20 C.
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tures accidentally released to the environment. There •
are more sophisticated equations for predicting vapor
concentrations in soil systems based on equilibrium par
titioning arguments, but these require more detailed
information (organic carbon content, soil moisture) than
is normally available. Ifa site is chosen for remediation,
the residual total hydrocarbons in soil typically exceed
500 mg/kg. In this residual concentration range most of
the hydrocarbons will be present as a separate or "free"
phase, the contaminant vapor concentrations become
independent of residual concentration (but still depend
on composition), and Equation 1 is applicable (Johnson
et al. 1988). In any case, it should be noted that these
are estimates only for vapor concentrations at the start
ofventing, which is when the removal rates are generally
greatest. Contaminant concentrations in the extracted
vapors will decline with time due to changes in composi
tion, residual levels, or increased diffusional resistances.
These topics will be discussed in more detail.

Under Ideal Vapor Flow Conditions (Lee, 100 -1000
scfm Vapor Flow Rates), Is This Concentration Great
Enough to Yield Acceptable Removal Rates?

Question 2 is answered by multiplying the concentra
tion estimate Cesl' by a range of reasonable flow rates,
Q:

Res, =Cesl Q (2)

(5)

Here Resl denotes the estimated removal rate, and
Cesl and Q must be expressed in consistent units. For
reference, documented venting operations at service sta
tion sites typically report vapor flow rates in the 10 
100 scfm range (Hutzler et a1. 1988), although 100 
1000 scfm flow rates are achievable for sandy soils or
large numbers of extraction wells. At this point in the
decision process what is still being neglected is that
vapor concentrations decrease during venting due to
compositional changes and mass transfer resistances.
Figure 4 presents calculated removal rates Rest [kg/d)
for a range of em and Q values. Ces. values are presented
in [mgIL] and [PP1l1cH4] units, where [PPIl1cH4J represents
methane-equivalent parts-per-million volume/volume
(ppmv) units. The [PPIl1cH4] units are used because field
analytical tools that report [ppmv] values are often cali
brated with methane. The [mg/L] and [PPMcH4] units arc
related by:

[ppmCH4] • 16000 mg·CH,Jmole-eH.· 10"
[mglL) = (0.0821 l.atm?K.mole) • (298 K) (3)

For field instruments calibrated with other compounds
(Le., butane, propane), [ppmvl values are converted to
[mg/L] by replacing the molecular weight of eH. in
Equation 3 by the molecular weight [mg/moleJ of the
calibration compound.

Acceptable or desirable removal rates Racccplablc, can
be determined by dividing the estimated spill mass M.plllt
by the maximum acceptable cleanup time 1':

Raceeplable =Mspill/T (4)

For example, if 1500kg (... 500 gal) of gasoline had
been spilled at a service station and it was wished to

complete the cleanup within eight months, then Raeeep,a.
b1c =6.3 kg/d. Based on Figure 4, therefore, Cesl would
have to average >1.5 mg/L (2400 ppmCH4) for Q=28oo
lImin (100 cfm) if venting is to be an acceptable option.
Generally, removal rates <1 kg/d will be unacceptable
for most releases, so soils contaminated with compounds
(mixtures) having saturated vapor concentrations less
than 0.3 mg/L (450 ppmCH4) will not be good candidates
for venting, unless vapor flow rates exceed 100 scfm.
Judging from the compounds listed in Table 1, this corre·
sponds to compounds with boiling points (Tb»150 C,
or pure component vapor pressures <0.0001 atm evalu·
ated at the subsurface temperature.

What RaDge of Vapor Flow Rates Can Realistically
Be Acbleyed7

Question 3 requires that realistic vapor Oow'rates for
the site-specific conditions be estimated. Equation 5,
which predicts the flow rate per unit thickness of well
screen OIH [em] /sJ, can be used for this purpose:

o k [1 - (PAln/Pw)2]
H = 7t ~ Pw In(RJRI)

where:
k = soil permeability to air flow [eml J or [dareyJ
f.L = viscosity of air = 1.8 x lQ-4 g/em-s or 0.018 cp
Pw =absolute pressure at extraction well [g/cm-sl

]

or fatmJ
PAlm = absolute ambient pressure'" 1.01 x 1<J1 gjcm-sl

or 1 atm
Rw = radius of vapor extraction well [em]
R1 =radius of influence of vapor extraction well

[em].
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Res, =CeSI Q (2)
Changes i~ Cesl are still being neglected with time

due to composition changes. Other less optimal condi
tions are often encountered in practice and it is useful
to be able to quantify how much lower the removal rate
will be from the value predicted by Equation 2. We will
consider the three cases illustrated' in Figures 6a, b. and c.

Figure 6. Scenarios lor removal rate estimates.

This equation is derived from the simplistic steady
state radial flow solution for compressible flow (Johnson
ct a1. 1988), but should provide reasonable estimates
for vapor flow rates. If k can be measured or estimated,
then the only unknown parameter is the empirical "ra
dius of influence" R I . Values ranging from 9m (30 ft)
to 30m (100 ft) are reported in the literature (Hutzler
et a1. 1988) for a variety of soil conditions, but fortun
ately Equation 5 is not sensitive to large changes in RI.

For estimation purposes, therefore, a value of RI=12m
(40 ft) can be used without a significant loss of accuracy.
Typical vacuum well pressures range from 0.95 - 0.90
atm (20 - 40 in H20 vacuum). Figure 5 presents pre
dicted flow rates per unit well screen thickness O/H,
expressed in "standard" volumetric units O-/H (= 01
H(P,,)PAIm) for a 5.lcm radius (4-in diameter) extrac
tion well, and a wide range of soil penneabilities and
applied vacuums. Here H denotes the thickness of the
screened interval, which is often chosen to be equal to
the thickness of the zone of s~il contamination (this
minimizes removing and treating any excess "clean"
air). For other conditions the O-/H values in Figure 5
can be multiplied by the following factors:

Rw = 5.lcm (2 in) R I = 7.6m (25 ft) - multiply O-/H
by 1.09

Rw = 5.1cm (2 in) RI = 23m (75 ft) - multiply O-/H
by 0.90

Rw =7.6cm (3 in) RI = 12m (40 ft) - multiply Q-/H
by 1.08

R w =IDem (4 in) R I = 12m (40 ft) - multiply O-/H
by 1.15

Rw = IDem (4 in) R I = 7.6m (25 ft) - multiply O-/H
by 1.27

As indicated by the preceding multipliers given,
changing the radius of influence from 12m (40 ft) to
23 m (75 f1) only decreases the predicted flow rate by
10 percent. The largest uncertainty in flow rate calcula
tions will be due to the air permeability value k, which
can vary by one to three orders of magnitude across a
site and can realistically only be estimated from boring
log data within an order of magnitude. It is prudent,
therefore, to choose a range of k values during this
phase of the decision process. For example, if boring
logs indicate fine sandy soils are present, then flow rates
should be calculated for k values in the range of
O.l<k<1.0 darcy.

Will the Contaminant Conc:entrations and Realistic:
Vapor Flow Rates Produce Acceptable Removal
Rates?

Again, estimated removal rates ReSIt must be com
pared with an acceptable rate Rac:c:ePlable, as detennined
from Equation 4. Maximum removal rates are achieved
when the induced vapor flow travels only through the
zone of soil contamination and no mass-transfer limita
tions are encountered. In other words, all vapor flows
through contaminated soils and becomes saturated with
contaminant vapors. For this "best" case the estimated
removal rate is given by Equation 2:



Here Pb and eM are the soil bulk density [g/cm'] and
soil moisture content [g-H20/g-soil).

As an example, consider removing a layer ofcontam
ination bounded by sandy soil (k=l darcy). A 5.1cm (4
in) radius vapor extraction well is being operated at
Pw=O.90 atm (0.91 x 1()6 g/cm-s2

), and the contamination
extends from the region R1 = Rw = 5.1cm to R2 = 9m
(30 ft). The well is screened over a 3m (10 ft) interval.

In Figure 6a a fraction cf> of the vapor flows through
uncontaminated soil. The fraction can be roughly esti
mated by assessing the location of the well relative to
the contaminant distribution. In Figure 6a for example,
it appears that roughly 25 percent of the vapor flows
through uncontaminated soil. The maximum removal
rate for this case is then:

Rest = (1-cf» Q Cest (6)
In Figure 6b, vapor flows parallel to, but not through,

the zone of contamination, and the significant mass
transfer resistance is vapor phase diffusion. This would
be the case for a layer of liquid hydrocarbon resting on
top of an impermeable strata or the water table. This
problem was studied by Johnson et al (1988) for the
C'ase of a single component. The solution is:

Rest =1)0 Cest

11 =...!- (6DJ!Ik)112 [In(R11R.) I (PAlm - P.)]'12 " R: - R: (7)
3H .

(10)ReSI = 1t (~- R:) Cesl O/o(t)

Assuming that:
Pb = 1.6 g/emJ

eM = 0.10
0° = 0.087 cm2/s
ET = 0.30
Rr = 12 m

then the venting efficiency relative to the maximum
removal rate (~quation 2). calculated from Equations 7
through 9 is:

1) = 0.09 =9%.
Figure 6c depicts the situation in which vapor flows

primarily past, rather than through the contaminated
soil zone, such as might be the case for a contaminated
clay lens surrounded by sandy soils. In this case vapor
phase diffusion through the clay to the flowing vapor
limits the removal rate. The maximum removal rate in
this case occurs when the vapor flow is fast enough to
maintain a low vapor concentration at the permeable/
impermeable soil interface. At any time t a contaminant
free or "dried out" zone of low permeability wiIJ exist
with a thickness 8. An estimate of the removal rate Rest

from a contaminated zone extending from R1 to R2 is:

where 0 is the effective porous media vapor diffusion
coefficient (as calculated previously from Equations 8
and 9) and Cest is the estimated equilibrium vapor con
centration (Equation 1). With time 8(t) will grow larger.
In t.he case of a single component system the dry zone
thickness can be calculated from the mass balance:

do
Pb C. - =Cest O/o(t) . (11)

dt

Resl = 1t(~ _ R:) ~ Cesl 0 C, Pb
. 2t

where C, is the residual level of contamination in the
low permeability zone [g-contaminationlg-soil], and all
other variables have been defined. The solution to
Equations 10 and 11 yields the following equation that
predicts the change in removal rate with time:

o(t) = ~'2 Cest 0 t (12)
Pb C.

As an example, consider the case where benzene (Cv =
3.19 x 1Q-4 g/cm' @20 C) is being removed from a zone
extending from R. = 5.1em to R2 = 9m. The initial
residual level is 10,000 ppm (0.01 g-benzene/g-soil), Pb
= 1.6 g/em', D° = 0.087 cm2/s, and ET = €A = 0.30. Figure
7 presents the predicted removal rates and "dry" zone
thickness 8(t) as a function of time. Note that it would
take approximately one year to clean a layer 1.5m (5
ft) thick, for a compound as volatile as benzene. Equa
tion 12 predicts high initial removal rates; in practice,
however, the removal rate will be limited initi'ally by
the vapor-phase diffusion behavior described previously
for Figure 6b.

Mixture removal rates for the situations depicted in
Figures 6b and 6c are difficult to estimate because

(8)

(9)

o

Rw
PAtm

where:
1) = efficiency relative to maximum

removal rate
= effective soil-vapor diffusion coeffici-

ent [cm2/s]
=viscosity of air = 1.8 x 10-4 g/cm-s
= soil permeability to vapor flow [cm2

]

= thickness of screened interval [cm]
= radius of influence of venting well

[cm]
= venting well radius [cm]
= absolute ambient pressure = 1.016 x

1()6 g/cm-s2

= absolute pressure at the venting well
[g/cm-s2

]

R1 < r < R2 = defines region in which contamina
tion is present.

Note that the efficiency 1) is inversely proportional
to the screened interval thickness H because a larger
interval will, in this geometry, pull in unsaturated air
that has passed above the liquid-phase contamination.
o is calculated by the MilJington-Ouirk (MilJington and
Quirk 1961) expression, which utilizes the molecular
diffusion coefficient in air D°, the vapor-filled soil poros
ity EA, and the total soil porosity ET:

£ ~.33
0=00

-,-

£T

where EA and EA are related by:
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minant. In Figure 8, the scaled removal rate (or equiva
lently the vapor concentration) decreases with time as
the mixture becomes richer in the less volatile com-
pounds. .

While a detailed compositional analysis was availa
ble for this gasoline sample, an approximate composi
tion based on a boiling point distribution curve predicts
similar results. Figure 8b presents the results for the
approximate mixture composition also given in Table 2.

Model predictions, such as those shown in Figure 8
for the gasoline sample defined by Table 2. can be used
to estimate removal rates (if the vapor flow rate is speci
fied), or alternatively the predictions can be used to
estimate vapor flow rate requirements (if the desired
removal rate is specified). For example. if we wanted
to reduce the initial contamination level by 90 percent.

b)

QCIQC(I=O)

changes in composition and liquid-phase diffusion affect
the behavior. Currently there are no simple analytical
solutions for these situations, but it can be postulated
that they should be less than the rates predicted previ
ously for pure components.

The use of equilibrium-based models tb predict
required removal rates will be discussed under the next
question.

Wbat Residual, If Any, Will Be Left in tbe Soil?
What Vapor Composition and Concentration
Cbanges Will Occur Witb Time? How Do Tbese
Values Relate to tbe Regulatory Requirements?

As contaminants are removed during venting, the
residual soil contamination level decreases and mixture
compositions become richer in the less volatile com
pounds. Both of these processes result in decreased
vapor concentrations, and hence, decreased removal
rates with time. At low residual soil contamination levels
«500 ppm) Equation 1 becomes less valid as sorption
and dissolution phenomena begin to affect the soil resid
ual - vapor equilibrium. In the limit of low residual
contamination levels, contaminant equilibrium vapor
concentrations are expected to become proportional to
the residual soil contaminant concentrations. As venting
continues and residual soil levels decrease, therefore, it
becomes more difficult to remove the residual contami
nation. It is important to realize that, even with soil
venting, there are practical limitations on the final soil
contamination levels that can be achieved. Knowledge
of these limits is necessary to realistically set cleanup
criteria and design effective venting systems.

The maximum efficiency of a venting operation is
limited by the equilibrium partitioning of contaminants
between the soil matrix and vapor phases. The maxi
mum removal rate is achieved when the vapor being
removed from an extraction well is in equilibrium with
the contaminated soil. Models for predicting this maxi
mum removal rate have been presented by Marley and
Hoag (1984) and Johnson et al. (1988). The former con
sidered only compositions in a residual free-phase, while
the latter also considered the effects of sorption and
dissolution processes. A complete discussion of the
development of thes~ models is not appropriate here,
but we will discuss the use of the predictions.

The change in composition, vapor concentration,
removal rate, and residual soil contamination level with
time are functions of the initial residual composition,
vapor extraction well flow rate, and initial soil contami
nation level. It is not necessary to generate predictions
for every combination of variables, however, because
with appropriate scaling all results will form a single
curve for a given initial mixture composition. Figure 8a
presents the results computed with the model presented
by Johnson et al. (1988) for the "weathered" gasoline
mixture whose composition is given by Table 2. The
important variable that determines residual soil levels,
vapor concentrations, and removal rates is the ratio Otl
M(t=O). which represents the volume of air drawn
through the contaminated zone per unit mass of conta-



TABLE 2
Composition (Mass Fractions) of Fresh and Weathered Gasolines

Compound M. Fresh Weathered Approximate
Name (g) Gasoline '-Gasoline Composition

propane 44.1 0.0001 0.0000 0
isobutane 58.1 0.0122 0.0000 0
n-butane 58.1 0.0629 0.0000 0
trans-2-butene 56.1 0.0007 0.0000 0
cis-2-butene 56.1 0.0000 0.0000 0
3-methyl-l-butene 70.1 0.0006 0.0000 0
isopentane 72.2 0.1049 0.0069 0.0177
I-pentene 70.1 0.0000 0.0005 0
2-methyl-l·butene 70.1 0.0000 0.0008 0
2·methyl-I,3-butadiene 68.1 0.0000 0.0000 0
","pentane 72.2 0.0586 0.0095 0
trans·2-pentene 70.1 0.0000 0.0017 0
2-methyl·2·butene 70.1 0.0044 0.0021 0
2·methyl·l.2·butadiene 68.1 0.0000 0.0010 0
3.3-dimethyl-l-butene 84.2 0.0049 0.0000 0
cyclopentane 70.1 0.0000 0.0046 0.0738
3-methyl·l-pentene 84.2 0.0000 0.0000 0
2.3-dimethylbutane 86.2 0.0730 0.0044 0
2-methylpentane 86.2 0.0273 0.0207 0
3-methylpentane 86.2 0.0000 0.0186 0
n-hexane 86.2 0.0283 0.0207 0
methylcyclopentane 84.2 0.0083 0.0234 0
2.2-dimethylpentane 100.2 0.0076 0.0064 0
benzene 78.1 0.0076 0.0021 0
cyclohexane 84.2 0.0000 0.0137 0.1761
2.3-dimethylpentane 100.2 0.0390 0.0000 0
3-methylhexane 100.2 0.0000 0.0355 0
3-ethylpentane 100.2 0.0000 0.0000 0
n-heptane 100.2 0.0063 0.0447 0
2.2.4-trimethylpentane 114.2 0.0121 0.0503 0
methylcyclohexane 98.2 0.0000 0.0393 0
2.2-dimethylhexane 114.2 0.0055 0.0207 0
toluene 92.1 0.0550 0.0359 0.1926
2.3.4-trimethylpentane 114.2 0.0121 0.0000 0
3-methylheptane 114.2 0.0000 0.0343 0
2-methylheptane 114.2 0.0155 0.0324 0
n-octane 114.2 0.0013 0.3000 0
2.4,4-trimethylhexane 128.3 0.0087 '0.0034 0
2.2-dimethylheptane 128.3 0.0000 0.0226 0
ethylbenzene 106.2 0.0000 0.0130 0
p-xylene 106.2 0.0957 0.0151 0
m-xylene 106.2 0.0000 0.0376 0.1641
3.3.4-trimethylhexane 128.3 0.0281 0.0056 0
o-xylene 106.2 0.0000 0.0274 0
2,2.4-trimethylheptane 142.3 0.0105 0.0012 0
n·noname 128.3 0.0000 0.0382 0
3,3,S-trimethylheptane 142.3 0.0000 0.0000 0
n-propylbenzene 120.2 0.0841 0.0117 0.1455
2.3.4-trimethylheptane 142.3 0.0000 0.0000 0
1,3,S-trimethylbenzene 120.2 0.0411 0.0493 0
1.2-4-trimethylbenzene 120.2 0.0213 0.0707 0
n-decane 142.3 0.0000 0.0140 0
methylpropylbenzene 134.2 0.0351 0.0170 0
dimethylethylbenzene 134.2 0.0307 0.0289 0.0534
n-undecane 156.3 0.0000 0.0075 0
1.2.4.5-tetramethylbenzene 134.2 0.0133 0.0056 0
1.2,3.4-tetramethylbenzene 134.2 0.0129 0.0704 0.1411
1.2.4-trimethyl-5-ethylbenzene 148.2 0.0405 0.0651 0
n-dodecane 170.3 0.0230 0.0000 0
napthalene 128.2 0.0045 0.0076 0
n-hexylbenzene 162.3 0.0000 0.0147 0.0357
methylnapthalene 142.2 0.0023 . 0.0134 0

Total 1.0000 1.0000 1.00000
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Design Infonnation
If venting is still a remediation option after answer

ing the questions above, then more accurate information
must be collected. Specifically, the soil permeability to
vapor flow, vapor concentrations, and aquifer charac
teristics need to be determined. These are obtained by
two field experiments: air permeability and ground
water pumping lests, described briefly next.

Air Penneability Tests
Figure 10 depicts the setup of an air permeability

test. The object of this experiment is to remove vapors
at a constant rat~ trom an extraction well, while monitor
ing with time th~ transient subsurface pressure distribu
tion at fixed V.r.nts. Effluent vapor concentrations are
also monitorer.:. I! is important that the test be conducted
properly to r;;;·,.,ain accurate design informatio~. The
extraction wet: t:-.Quld be screened through the SOIl zone
that ~ill be ve:::.~-j during the actual operation. In many
cases existin2 ~:'.I'Jnd water monitoring wells are suffici
ent if their ~;'~ned sections e'xtend above the water
tabie. Subsu:".&GJ'; pressure monitoring probes can be

expressed as an equivalent water column height (i.e., in
ft H

2
0). The recommended solution to this problem is

to install a dewatering system, with ground water pump
ing wells located as close ~o vapor extraction wells as
possible. The dewatering system must be designed to
ensure that contaminated soils remain exposed to vapor
flow. Other considerations not directly related to vent
ing system design, such as soluble plume migration con
trol and free-liquid product yield, will also be factors in
the design of the ground water pumping system.

S.IUl'lIed
Sod Zone

F1gure 9. (a> Use or passive vapor wells to prevent migration
or off-site contaminant vapors. (b) Water table rise caused by
the applied vacuum.

---

then Figure 8 predicts that - 100 I-air/g-gasoline will,
be required. This is the minimum amount of vapor
required, because it is' based on an equilibrium-based
model. The necessary minimum average vapor flow rate
is then equal to the spill mass times the minimum
required vapor flow/mass gasoline divided by the
desired duration of venting. Use of this approach is
illustrated in the service station site example provided
at the end of this paper.

Figure 8 also illustrates that there is a practical limit
to the amount of residual contaminant that can be
removed by venting alone. For example, it will take a
minimum of 100 I-vapor/g-gasoline to remove 90 percent
of the weathered gasoline defined in Table 2, while it
will take about 200 I-air/g-gasoline to remove the
remaining 10 percent. In the case of gasoline, by the
time 90 percent of the initial residual has been removed,
the residual consists of relatively insoluble and non
volatile compounds. It is important to recognize this
limitation of venting, and when setting realistic cleanup
target levels, they should be based on the potential envi
ronmental impact of the residual rather than any specific
total residual hydrocarbon levels. Because mandated
cleanup levels are gen~rallyi~dependentof the remedia
tion method, this also indicates that soil venting will
often be one of many processes used during a given site
remediation. It is not difficult to envision that in the
future soil venting may be followed or coupled with
enhanced biodegradation to achi~ve lower cleanup
levels.

It is appropriate to mention at this point that the
mathematical models presented in this paper are being
used as "tools" to help plan and design venting system.
As with any models, they are mathematical descriptions
of processes that at best approximate real phenomena,
and care should be taken not to misapply or misinterpret
the results.

Are There Likely to Be Any Negative Effects or Soil
Venting?

It is possible that venting will induce the migration
of off-site contaminant vapors toward the extraction
wells. This may occur at a service station, which is often
in close proximity to other service stations. If this occurs,
one could spend a lot of time and money to unknowingly
clean up someone else's problem. The solution is to
establish a "vapor barrier" at the perimeter of the con
taminated zone. This can be accomplished by allowing
vapor flo~ into' any perimeter ground water monitoring
wells (whIch often have screened intervals extending
above the saturated zone), which then act as passive air
supply wells. In other cases it may be necessary to install
passive air injection wells, or trenches, as illustrated in
Figure 9a..
. As pointed out by Johnson et al. (1988), the applica

tion of a vacuum to extraction wells can also cause a
water table rise. In many cases contaminated soils lie
just above the water table and they become water satur
ated, as illustrated in Figure 9b. The maximum rise
occurs at, or below the vapor extraction well, where the
water table rise will be equal to the vacuum at that point



driven soil-vapor sampling probes (for <20 ft deep con
tamination problems) or more permanent installations.

Flow rate and transient pressure distribution data
are used to estimate the soil permeability to vapor flow.
The expected change in the subsurface pressure distribu
tion with time P'(r,t) is predicted (Johnson et al.) by:

-Viper _
Flow _-

(17)

(16)k=~
4A1tm

The second approach must be used whenever 0 or m
is not known. In this case the values A and B are both
used:

r£~ B
k =-- exp(- + 0.5772)

4PAIm A

Equation 13 can also be used to choose the locations
of subsurface pressure monitoring points before con
ducting the air permeability test, given an estimation of
k and the flow rate to be used.

Vapor samples should be taken at the beginning and
end of the air permeability test, which should be con
ducted for a long enough time to extract at least one
"pore volume" Vp of vapor from the contaminated soil
zone. This ensures that all vapors existing in the forma
tion prior to venting are removed. The vapor concentra
tion at the start of the test is representative of the equi
librium vapor concentration, while the concentration
measured after one pore volume has been extracted
gives an indication of realistic removal rates and the
mixing or diffusional limitations discussed in association
with Figure 6. The time TP for one pore volume to be
removed is:

is used:

(13)

o f- e
ox

P' = -dx
41tm(kI~) x

r£1l

4kPAlm t

Vapor
F\ow

....._-_/
Figure 10. Air-permeability test system.

For (r E~4kPAlmt)<O.1 Equation 13 can be approxi
mated by:

P' = 0 [~.5772 _ In ( r £~ ) + In(t)] (14)
41tm(kI~) 4kPAIm

(18)

where R, H, EA' and 0 are the radius of the zone of
contamination, vertical thickness of the zone ofcontami
nation, air-filled void fraction, and volumetric vapo~

flow rate from the extraction well. For example, consider
the case where R=12 m, H=3 m, EA=0.35, and 0=0.57
m' lmin (20 ft' Imin). Then Tp=475 m '/0.57 m'/min=833
min=14 h.

Ground Water Pumping Tests.
To achieve efficient venting, the hydrocarbon-con

taminated soil has to be exposed to air flow, which in
tum requires that the water table be lowered to counter
act the water upwelling effect caused by the decreased
vapor pressure in the vicinity of a venting well (Johnson
et al. 1988) and to possibly expose contaminated soil
below the water table. Thus the ground water pumping
system has to have a sufficient pumping rate and be
operated for a long enough time period to obtain the
required drawdowns. Because most venting systems are
installed above phreatic aquifers, two aquifer parame
ters are needed for the design: average transmissivity T
and storage coefficient S. These parameters can be esti
mated using the results of the standard transient ground
water pumping test with a constant pumping rate (Bear
1979). Using the estimated values, the required pumping
rate may be calculated as follows:

(15)

m
r
k
....
E

t
o

A= 0
41tm(kI~)

o [ (r£~)]B = ~.5772 - In --
41tm(kI~) 4kPAIm

="gauge" pressure measured at distance r
and time t

=stratum thickness
= radial distance from vapor extraction well
= soil permeability to air flow
= viscosity of air = 1.8 x 10~ g/cm-s
= air-filled soil void fraction
= time
= volumetric vapor flow rate from extraction

well
PAlm = ambient atmospheric pressure = 1.0 atm =

1.013 x 1<Y' g/cm-sz•

Equation 14 predicts a plot of p'_VS_ In(t) should be a
straight line with slope A and y-intercept B equal to:

Here:
P'

where: W(u) is the well function (Bear 1979) of u = Sri

The permeability to vapor flow can then be calculated
from the data by one of two methods. The first is applica
ble when 0 and m are known. The calculated slope A

o = 41TT S(r,t)lW(u) (19)



4Tt, and s(r,t) is the required drawdown at distance r
and pumping time equal to t.

System Design
In this section the questions that must be answered

in order to design an in situ soil-venting system will be
discussed. It is not the authors' intention to provide a
generic "recipe" for soil-venting system design; instead,
a structured thought process to guide in choosing the
number of extraction wells, well spacing, well construc
tion, etc. is suggested. Even in a .structured thought
process, intuition, and experience play important roles.
There is no substitute for a good fundamental under
standing of vapor flow processes, transport phenomena,
and ground water flow.

Choosing t"e Number of Vapor Extraction Wells
Three methods for choosing the number of vapor

extraction wells are outlined in the following text. The
greatest number of wells from these three methods'is
then the value that should be used. The objective is to
satisfy removal rate requirements and achieve vapor
removal from the entire zone of contamination.

For the first estimate residual contaminant composi
tion and vapor concentration changes with time are neg
lected. The acceptable removal rate Racecptablc is calcu
lated from Equation 4, while the estimated removal rate
from a single well Rest is estimated from a choice of
Equations 2, 6, 7, or 12 depending on whether the speci
fic site conditions are most like Figure 6a, 6b, or 6c.
The number of wells Nwclls required to achieve the
acceptable removal rate is:

Equations 2, 6, and 7 require vapor flow estimates, which
can be calculated from Equation 5 using the measured
soil permeability and chosen extraction well vacuum Pw.
At this point one must determine what blowers and
vacuum pumps are available because the characteristics
of these units will limit the range of feasible (Pw,Q)
values. For example, a blower that can pump 100 scfm
at 2 in. H20 vacuum may only be able to pump 10 scfm
at 100 in. H20 vacuum.

The second method, which accounts for composition
changes with time, utilizes model predictions, such as
those illustrated in Figure 8. Recall that equilibrium
based models are used to calculate the minimum vapor
flo~ to achieve a given degree ofremediation. For exam
ple, if we wish to obtain a 90 percent reduction in resid
ual gasoline levels, Figure 8 indicates that .... 100 I-vaporl
g-gasoline must pass through the contaminated soil
zone. If our spill mass is 1500kg (=500 gal), then a mini
mum of 1.5 x 10" I-vapor must pass through the conta
minated soil zone. If the target cleanup period is six
months, this corresponds to a minimum average vapor
flow rate of 0.57 m3 /min (=20 cfm). The minimum num
ber of extraction wells is then equal to the required
minimum average flow ratelflow rate-per-well.

The third method for determining the number of

wells ensures that vapors and residual soil contamina
tion are removed from the entire zone of contamination
Nmin. This is simply equal to the ratio of the area of
contamination Acontamination, to the area of influence of
a single venting well1TRr2:

(21)
N . _ Acontamination

min - R2
11: I

This requires an estimate of Rio which defines the zone
in which vapor flow is induced. In general, Rr depends
on soil properties of the vented zone, properties of sur
rounding soil layers, the depth at which the well is
screened, and the presence of any impermeable bound
aries (water table, clay layers, surface seal, building
basement, etc.). At this point it is useful to have some
understanding of vapor flow patterns because, except
for certain ideal cases (Wilson et aI. 1988), one cannot
accurately predict vapor flow paths without numerically
solving vapor-flow equations. An estimate for Rr can
be obtained by fitting radial pressure distribution data
from the air permeability test to the steady-state radial
pressure distribution equation (Johnson et a1. 1988):

2

P(r) = P
w

[1 + (1- ( PAtm » In(rlRw) ]112 (22)
Pw In(R"..IRr)

where P(r), PAtm, P"" and R", are the absolute pressure
measured at a distance r from the venting well, absolute
ambient pressure, absolute pressure applied at the vapor
extraction well, and extraction well radius, respectively.
Given that these tests are usually conducted for less
than a day, the results will generally underestimate Rr•
If no site-specific data are available, one can conserva
tively estimate Rr based on the published reports from
in situ soil-venting operations. Reported Rr values for
permeable soils (sandy soils) at depths greater than
20 feet below ground surface, or shallower soils beneath
good surface seals, are usually 10m - 40m (Hutzler et
a1. 1988). For less permeable soils (silts, clays), or more
shallow zones R r is usually less.

Choosing Well Location, Spacing, Passive Wells, and
Surface Seals .

To be able to successfully locate extraction wells,
passive wells, and surface seals one must have a good
understanding of vapor flow behavior. Well locations
should be chosen to ensure adequate vapor flow thrqugh
the contaminated zone, while minimizing vapor flow
through other zones.

If one well is sufficient, it should almost always be
placed in the geometric center of the contaminated soil
zone, unless it is expected that vapor flow channeling
along a preferred direction will occur. In that case the
well should be placed so as to maximize air flow through
the contaminated zone.

When multiple wells are used it is important to con
sider the effect that each well has on the vapor flow to
all other wells. For example, if three extraction wells
are required at a given site, and they are installed in
the triplate design shown in Figure 11a, this would result

(20)Nwclls = Racecptablc!Rcst
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terns. For shallow treatment zones (<Sm) the surface
seal will have a significant effect on the vapor flow paths,
and seals can be added or removed to achieve the
desired vapor flow path. For wells screened below 8m
the influence of surface seals becomes less significant.

Well Screening and Construction
Wells should be screened only through the zone of

contamination, unless the permeability to vapor flow is
so low that removal rates would be greater if flow were
induced in an adjacent soil layer (see Figure 6). Removal
rate estimates for various mass-transfer limited sce
narios can be calculated from Equations 7 and 12.

Based on Equation 5, the flow rate is expected to

Figure 13. <a) Extraction weD construction, and (b) "It.tlght
ground water level measurlallystem.

cancliOll
weill

injection
wells
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Figure 11. Venting weD configurations.
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in a "stagnant" region in the middle of the wells where
air flow would be -small in comparison to the flow
induced outside the triplate pattern boundaries. This
problem can be aileviated by the use of "passive wells"
or "forced injection" wells as illustrated in Figure llb
(it can also be minimized by changing the vapor flow
rates from each well with time). A passive well is simply
a well that is open to the atmosphere; in many cases
ground water monitoring wells are suitable. If a passive
or forced injection well is to have any positive effect, it
must be located within the extraction well's zone of
influence. Forced injection wells are simply vapor wells
into which air is pumped rather than removed. One
must be careful in choosing the locations offorced injec
tion wells so that contaminant vapors are captured by
the extraction wells, rather than forced off-site. To date
there have not been any detailed reports of venting
operations designed to study the advantages/disadvan
tages of using forced injection wells. Figure lie presents
another possible extraction/injection well combination.
As illustrated in Figure 9, passive wells can also be used
as vapor barriers to prevent on-site migration of off
site contamination problems.

For shallow contamination problems «4m below
ground surface) vapor extraction trenches combined
with surface seals may be more effective than vertical
wells. Trenches are usually limited to shallow soil zones
because the difficulty of installation increases with
depth.

Surface seals, such as polymer-based liners and
asphalt, concrete, or clay caps, are sometimes used to
control the vapor-flow pllths. Figure 12 illustrates the
effect that a surface seal will have on vapor-flow pat-
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increase by 15 percent when the extraction well diameter
is increased from IOcm (4 in) to 20cm (8 in). This implies
that well diameters should be as large as is practically
possible.

A typical well as shown in Figure 13a is constructed
from slotted pipe (usually PVC). The slot size and num
ber of slots per inch should be chosen to maximize the
open area of the pipe. A filter packing, such as sand or
gravel, is placed in the annulus between the borehole
and pipe. Vapor extraction wells are similar to ground
water monitoring wells in construction but there is no
need to filter vapors before they enter the well. The
filter packing, therefore, should be as coarse as possible.
Any dust carried by the vapor flow can be removed by
an above-ground filter. Bentonite pellets and a cement
grout are placed above the filter packing. It is important
that these be properly installed to prevent a vapor flow
"short-circuiting." Any ground water monitoring wells
installed near the extraction wells must also be installed
with good seals.

Vapor Treatment
Currently, there a-four main treatment processes

available:
Vapor combustion units: Vapors are incinerated and
destruction efficiencies are typically >95 percent. A
supplemental fuel, such as propane. is added before
combustion unless extraction well vapor concentra
tions are on the order of a few percent by volume.
This process becomes less economical as vapor con
centrations decrease below .... 10,000 ppmy •

Catalytic oxidation units: Vapor streams are heated
and then passed over a catalyst bed. Destruction effi
ciencies are typically >95 percent. These units are
used for vapor concentrations <8000 ppmy • More con
centrated vapors can cause catalyst bed temperature
excursions and meltdown.
Carbon beds: Carbon can be used to treat almost any
vapor streams, but is only economical for very low
emission rates (<100 gld)
Diffuser stacks: These do not treat yapors, but are
the most economical solution for areas in which they
are permitted. They must be carefully designed to
minimize health risks and maximize safety.

Ground Water Pumping System
In cases where contaminated soils lie just above or

below the water table, ground water pumping systems
will be required to ensure that contaminated soils
remain .e~P?sed. In designing a ground water pumping
system It IS Important to be aware that upwelling (draw
up) of the ground water table will occur when a vacuum
is applied at the extraction well (see Figure 9b). Because
the upwelling will be greatest at the extraction wells,
ground water pumping wells should be located within
or as close to the extraction wells as possible. Their
surface seals must be airtight to prevent unwanted short
circuiting of airflow down the ground water wells.

System Integration
System components (pumps~ wells, vapor treating

U?~ts, etc.) sho~ld be combined to allow maximum f1exi
blhty of operation. The review by Hutzler et al. (1988)
prov~des descriptions ofmany reported systems. Specific
requirements are:

Separate valves, flow ~eters, and pressure gauges for
each extraction and injection well.

• Air filter to remove particulates from vapors
upstream of the pump and flow meter.

• K.nock-out pot to remove any liquid from vapor
stream upstream of the pump and flow meter.

Monitoring
1?e pe~ormanceof a soil-venting system must be

momtored JD order'to ensure efficient operation and
to help determine when to shut off the system. 'At a
minimum the following should be measured:
• Date and time of measurement.
• ~apor Dow rates from extraction wells and into injec

tIon wells: These can be measured by a variety of
flow meters including pitot tubes, orifice plates and
rotameters. It is important to have calibrated these
devices at the field operating pressures and tempera
tures.

• Pressure readings at each extraction and injection
well can be measured with manometers or magnahelic
gauges.

• Vapor concentrations and compositions from extrac
tion wells: total hydrocarbon concentration can be
me.asured by an on-line total hydrocarbon analyzer
cahbrated to a specific hydrocarbon. This information
is combined with vapor flow rate data to calculate
removal rates and the cumulative amount of contam
inant removed. In addition, for mixtures the vapor
composition should be periodically checked. It is
impossible to assess if vapor concentration decreases
with time are due to compositional changes or some
other phenomena (mass transfer resistance, water
table upwelling, pore blockage, etc.) without this
information. Vapor samples can be collected in evacu
ated gas sampling cylinders, stored, and later ana
lyzed.

• Temperature: ambient and soil.
• Water table level (for contaminated soils located near

the water table): It is important to monitor the water
table level to ensure that contaminated soils remain
exposed to vapor flow. Measuring the water table
level during venting is not a trivial task because the
monitoring well must remain sealed. Uncapping the
well releases the vacuum and any effect that it has
on the water table level. Figure 13b illustrates a moni
toring well cap (constructed by Applied Geosciences
Inc., Tustin, California) that allows one to simulta
neously measure the water table level and vacuum in
a monitoring well. It is constructed from a commer
cially available monitoring well cap and utilizes an
electronic water level sensor.

Other valuable, but optional measurements are:
Soil-gas vapor concentrations and compositions:
These should be measured periodically at different
radial distances from the extraction well. Figure 14
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shows the construction of a permanent monitoring
installation that can be used for vapor sampling and
subsurface temperature measurements. Another
alternative for shallow contamination zones is the use
of soil-gas survey probes. Data from soil-gas probes
are valuable for two reasons: (1) by comparing extrac
tion well concentrations with soil-gas concentrations

, it is possible to estimate the fraction of vapor that is
flowing through the contaminated zone c!>=Ccxlraction

wcu/Csou gas, and (2) it is possible to determine if the
zone of contamination is shrinking toward the extrac
tion well, as it should with time. Three measuring
points are probably sufficient if one is located near
the extraction well, one is placed near the original
edge of the zone of contamination, and the third is
placed somewhere in between.
These monitoring installations can also be useful for

monitoring subsurface vapors after venting has ceased.

Detennining When to Turn Ott the System
Target soil cleanup levels are often set on a site-by

site basis, and are based on the estimated potential
impact that any residual may have on air quality, ground
water quality, or other health standards. They may also
be related to safety considerations (explosive limits).
Generally, confirmation soil borings, and sometimes
soil-vapor surveys are required before closure is
granted. Because these analyses can be expensive and
often disrupt the normal business of a site, it would be
valuable to be able to determine when confirmation
borings should be taken. If the monitoring is done as
suggested previously, then the following criteria can be
used:

Cumulative amount removed: Determined by inte
grating the measured removal rates (flow rate x con
centration) with time. While this value indicates how
much contaminant has been removed, it is usually
not very useful for determining when to take confir
mation borings unless the original spill mass is known
accurately. In most cases that information is not avail
able and cannot be calculated accurately from soil
boring data.

• Extraction well vapor c ncentrations: The vapor con-

centrations are good indications of how effectively
the venting system is working, but decreases in vapor
extraction well concentrations are not strong evidence
that soil concentrations have decreased. Decreases
may also be due to other phenomena such as water
table level increases, increased mass transfer resist
ance due to drying, or leaks in the extraction system.

• Extraction well vapor composition: When combined
with vapor concentrations these data offer more
insight into the effectiveness of the system. If the total
vapor concentration decreases without a change in
composition, it is probably due to one of the phe
nomena mentioned previously, and is not an indica
tion that the residual contamination has been signific
antly reduced. If a decrease in vapor concentration
is accompanied by a shift in composition toward less
volatile compounds, on the other hand, it is most
likely due to a change in the residual contaminant
concentration. For residual gasoline cleanup, for
example, one might operate a venting system until
benzene, toluene, and xylenes were not detected in

, the vapors. The remaining residual would then be
composed of larger molecules, and it can be argued
that these do not pose a health threat through volatili
zation or leaching pathways.

• Soil-gas contaminant concentration and composition:
These data are the most useful because it yields infor
mation about the residual composition and extent of
contamination. Vapor concentrations cannot, in gen-

. eral, be used to determine the residual level, except
in the limit of low residual levels (note that Equation 1
is independent of residual concentration). It is important
to consider the effect of continued soil-venting system
operation on soil-gas sampling results. Results taken
during operation, or immediately after shutdown, can
be used to assess the spatial extent of contamination
and composition of the vapors. After the system is
shut down, vapors will begin to migrate away from
the source and equilibrate on ~ larger scale. True soil
vapor concentrations can be. measured once equilib
rium concentrations are attained in the sampling
zone; at least two sampling times will be required to
determine that equilibration has occurred. Due to the
diffusion of vapors, samples taken after shutdown are
not good indicators of the spatial extent of the conta
minated zone.

Other Factors
Increased Biodegradation

It is often postulated that because the air supply to
the vadose zone is increased, the natural aerobic micro
biological activity is increased during venting. While the
argument is plausible and some laboratory data are
available (Salanitro et al. 1989), conclusive- evidence
supporting this theory has yet to be presented. This is
due in part to the difficulty in makin$ such a mea·
surement. A mass balance approach is not likely to be
useful because the initial spill mass is generally not
known with sufficient accuracy. An indirect method
would be to measure CO2 levels in the extraction well
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• The largest concentrations of hydrocarbons were
detected in the sandy and silty clay layers adjacent
to the water table. Some residual was detected below
the water table. Based on the data presented in Figure
15 it is estimated that ... 4000kg of hydrocarbons are
present in the lower two soil zones.

• Initially'there was some free-liquid gasoline floating
on the water table: this was subsequently removed
by pumping. A sample of this product was analyzed
and its approximate composition ("'20 percent of the
compounds could not be identified) is listed in
Table 2 as the "weathered gasoline." The corre·
sponding boiling point distribution curve for this mix
ture has been presented in Figure 3.

• Vadose zone monitoring installations similar to the
one pictured in Figure 14 were installed during the
preliminary site investigation.

Deciding if Venting Is Appropriate
For the remainder of the analysis the contaminated

soils located just above the water table will be the focus.
• What contaminant vapor concentrations are Iik~ly to
, be obtained? -

Based on the composition given in Table 2, and using
Equation 1, the predicted saturated TPH vapor concen·
tration for this gasoline is:

Cesl =220 mg/L
Using the "approximate" composition listed in Table

2 yields a value of 270 mgIL. The measured soil-vapor
concentration obtained from the vadose zone monitoring
wen was 240 mgIL. Due to composition changes with time,
this will be the maximum concentration obtained during
venting.
• Under ideal flow conditions is this concentration great

enough to yield acceptable removal rates?
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Preliminary Site Investigation
Prior to sampling it was estimated that 2000 gallons

ofgasoline had leaked from a product line at this operat
ing service station site. Several soil borings were drilled
and the soil samples were analyzed for total petr:oleum
hydrocarbons (TPH) and other specific compounds
(benzene, toluene, xylenes) by a hea~ed-headspace

method utilizing a field GC-FID. Figure 15 summarizes
some of the results for one transect at this site. The
following relevant information was collected:
• Based on boring logs there are four distinct soil layers

between 0 - 18m (0 - 60 ft) below ground surface
(BGS). Figure 15 indicates the soil type and location
of each of these layers.
Depth to ground water was 15m, with fine to medium
sand soils.

Air Sparging
Due to seasonal ground water level fluctuations, con

taminants sometimes become trapped below the water
table. In some cases ground water pumping can lower
the water table enough to expose this zone, but in other
cases this is not practical. One possible solution is to
install air sparging wells and then inject air below the
water table. Vapor extraction wells would then capture
the vapors that bubbled up through the ground water.
To date, success of this approach has yet to be demon
strated. This could have a negative effect if foaming,
formation plugging, or downward migration of the resid
ual occurred.

Application of the Design Approach
to a Service Station Remediation

In the following, the use of the approach discussed
previously and outlined in Figure 2, is demonstrated for
a service station remediation.

vapors, but this in itself does not rule out the possibility
that O2 is converted to C02 before the vapors pass
through the contaminated soil zone. The best approach
is to measure the 02/C02 concentrations in the vapors
at the edge of the contaminated zone, and in ~he vap?r
extraction wells. If the C02/02 concentration ratio
increases as the vapors pass through the contaminated
soil, one can surmise that a transformation is occurring,
although other possible mech~nisms (i~organi~ re~c
tions) must be considered. An mcrease m aerobic mic
robial populations would be additional supporting evid
ence.

In Situ HeatingIVenting
The main property of a compound that determines

whether or not it can be removed by venting is its vapor
. pressure, which increases with increasing temperature.
Compounds that are considered non-volatile, therefore,
can be removed by venting if the contaminated soil is
heated to the proper temperature. In situ heating/vent
ing systems utilizing radio-frequency heating and con·
duction heating are currently under study (Dev et al.
1988). An alternative is to reinject heated vapors from
catalytic oxidation 'Or combustion units into the con
taminated soil zone•.



Figure 16. Air permeablUty test results: (a> vapor extraction
test; (b) air IaJection test. [In HzO] denote vacuums expressed
as equiyalent water colUllUl heights.
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determine the permeability to vapor flow. The k values
ranged from 2 to 280 darcys, with the median being R>8
darcys.

System Design
• Number of vapor extraction wells:
Based on the 8 darcys permeability, and assuming

a 15cm diameter (6 in) venting well, a 2m screened
section, Pw = 0.90 atm (41 in H20 vacuum) and R t=12m,
then Equation 5 predicts: •

0= 0.7 m'/min = 2S cfm .
Based on the preceding discussion, a minimum aver

age flow rate of 1.5 m'/min is needed to reduce the
residual to 1000 ppm in six months. The number of wells
required is then 1.5/0.7 = 2, assuming that 100 percent
of the vapor flows through contaminated soils. It is not
likely that this will occur, and a more conservative esti
mate of SO percent vapor flowing through contaminated
soils would require that twice as many wells (four) be
installed.

A single vapor extraction well (HB-25) was installed
in this soil layer with the knowledge that more wells
were likely to be required. Its location and screened
interval are shown in Figure 15. Other wells were installed
in the clay layer and upper sandy zone, but in this paper
only results from treatment of the lower contaminated

Equation 4 was used to calculate Racccptable' Assum
ing Msp,lI = 4000kg and T = 180 d, then:

Rac:ceptable = 22 kg/d
Using Equation 2, Cest = 240 mgIL, and 0 = 2800 U

min (100 cfm):
Rest = 970 kg/d

which is greater than Rac:ccptable'
What range of vapor flow rates can realistically be
achieved?
Based on boring logs, the contaminated zone just

above the water table is composed of fine to medium
sands, which have an estimated permeability 1< k < 10
darcy. Using Figure 5, or Equation 5, the predicted flow
rates for an extraction well vacuum Pw = 0.90 atm are:

0.04 < 0 < 0.4 m'/m-min Rw = 5.1em, R I = 12m
0.43 < 0 < 4.3 fi'/ft-min Rw = 2.0 in, R I = 40 ft.
The thickness of this zone and probable screen thick-

ness of an extraction well is about 2m (6.6 ft). The total
. flow rate per well through this zone is estimated to be

0.08<0<0.8 m'/min (2.8 cfm<0<28 cfm).
Will the contaminant concentrations and estimated
flow rates produce acceptable removal rates?
Using Cest=24O mgIL, the maximum removal rates

likely to be obtained are calculated from Equation 2:
28 kg/d < (Rest)max < 280 kg/d.
To be conservative, we will guess that only SO percent

of the vapor actually flows through contaminated soils,
so our estimated removal rate per well will be half of
these values. The estimated acceptable removal rate
Racceptable = 22 kg/d falls within this range. Of course
this calculation did not take into account the possibility
of vapor concentration decreases during venting. This
will be taken into account in the next subsection.

What residual, if any, will be left in the soil?
A target cleanup level for most gasoline spill sites

is <1000 mg/kg TPH residual; in some states the target
level is <100 mg/kg TPH. If the initial residual level is
"'10,000 ppm,. then at least 90 percent of the initial
residual needs to be removed. According to the curves
in Figure 8, which represent the maximum removal rates
for the gasoline analyzed at this site, approximately 100
I-vapor/g-residual will have to pass through the conta
minated zone to achieve this target. Based on our esti
mated initial residual of 4000kg TPH, 4 x lOS I-vapor
are required. Over a six-month period this corresponds
to an average flow rate 0=1.5 m'/min (54 dm). Recall
that since this corresponds to the maximum removal
rate, it is the minimum required flow rate.

Are there likely to be any negative effects ofsoil vent
ing?
Given that the contaminated soils a~e located just

above and below the water table, water table upwelling
during venting must be considered here.

Air Permeability Test

Figure 16 presents data obtained from the air per
meability test of this soil zone. In addition to vapor
extraction tests, air injection tests were conducted. The
data are analyzed in the same manner as discussed for
vapor extraction tests. Accurate flow rate (0) values
were not measured, therefore, Equation 17 was used to
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flgure 17. Soli-venting results: (a) vacuum/Dow rate data,
(b) concentration/composition data.

removed from this lower zone.
On day 80 the vacuum was increased from 20 - 120

in H20 vacuum and the subsequent increase in subsur-

If. "201 dcllOlC vacuums ..prelsed IS cqul.llen. ","ter colWM heighlS

flgure 18. Soil-venting results: (a) removal rate/cumulative
recovered, (b) water table rise.

zone will be discussed. A ground water pumping weD was
installed to maintain a 2m drawdown below the staticwater
level. Its location is also shown in Figure 15.

System Monitoring
Three vadose monitoring wells similar in construc

tion to the one pictured in Figure 14 were installed so
that the soil temperature, soil-gas concentrations, and
subsurface pressure distribution could be monitored at
three depths. One sampling port is located in the zone
adjacent to the aquifer. The vapor flow rate from HB
2S and vapor concentrations were measured frequently,
and the vapor composition was .determined by GC-FID
analysis. In addition, the water level in the ground water
monitoring wells was measured with the system pictured
in Figure 13b. The results from the first four months of
operation are discussed in following text

In Figure 17a the extraction well vacuum and corre
sponding vapor flow rate are presented. The vacuum
was maintained at 0.95 atm (20 in H20 vacuum), and
the flow rate was initially 12 scfm. It gradually decreased
to about 6 scfm over ~O d. For comparison, Equation 5
predicts that Q=12 cfm for k=8 darcys. Increasing the
applied vacuum to 0.70 atm t120 in H20 vacuum) had
little effect on the flow rate. This could be explained
by increased water table upwelling, which would act to
decrease the vertical cross section available for vapor
flow. The scatter in the flow rate measurements is prob
ably due to inconsistent operation of the ground water
pumping operation, which frequently failed to perform
properly.

Figure 17b presents the change in vapor concentra
tion with time. Fifteen specific compounds were identi
fied during the GC-FID vapor analyses; in this figure
the total concentration of known and unknown com
pounds detected between five boiling point ranges are
presented:

methane - isopentane (<28 C)
isopentane - benzene (28 - 80 C)
benzene - toluene (80 - 111 C)
toluene - xylenes (111 - 144 C)
>xylenes (>144 C).
There was a shift in composition toward less volatile

compounds in the first 20 days, but after that period
the composition remained relatively constant. Note that
there is still a significant fraction of volatile compounds
present. Within the first two days the vapor concentra
tion decreased by 50 percent, which corresponds to the
time period for the removal of the first pore volume of
air. Comparing the subsequent vapor concentrations
with the concentrations measured in the vadose zone
monitoring weDs indicates that only (80 mgIL)/(240 mgj
L)*100=33% of the vapors are flowing through contamin
ated soil.

Figure 18a presents calculated removal rates (flow
rate x concentration) and cumulative amount (1 gal =
3 kg) removed during the first four months. The
decrease in removal rate with time is due to a combina
tion of decreases in flow rate and hydrocarbon vapor
concentrations. After the first four months approxi
mately one-fourth of the estimated residual has been
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face vacuum and Water table upwelling was monitored.
Figure 18b presents the results. Note that the water
table rise paralleled the vacuum increase. although the
water table did not rise the same amount that the
vacuum did.

Figure 19 compares the reduced measured TPH
vapor concentration C(t)/C(t=O) with model predic
tions. C(t=O) was'taken to be the vapor concentration
after one pore volume of air had passed through the
contaminated zone (=80 mglL). m(t=O) is equal to the
estimated spill mass (=4000 kg). and V(t) is the total
volume of air that has passed through the contaminated
zone. This quantity is obtained by integrating the total
vapor flow rate with time. then multiplying it by the
fraction of vapors passing through the contaminated
zone et> (=0.33). As discussed. the quantity et> was esti
mated by comparing soil-gas concentrations from the
vadose zone monitoring installations with vapor concen
trations in the extraction well vapors. There is good
quantitative agreement between the measured and pre
dicted values.

Based on the data presented in Figures 15 through
19 and the model predictions in Figure 8. it appears that
more.extraction wells (- 10 more) are needed to reme
diate the site within a reasonable amount of time « 2
years).
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Conclusions
A structured, technically based approach has been

presented for the design. construction, and operation
of venting systems. While an attempt has been made to
explain the process in detail for those not familiar with
venting operations or the underlying governing phe
nomena, the most effective and efficient systems can
only be designed and operated by personnel with a good
understanding of the fundamental processes involved.
The service station spill example presented supports the
validity and usefulness of this approach.

There are still many technical issues that need to be
resolved in the future. The usefulness of forced or pas
sive vapor injection wells is often debated, as well as
other means of controlling vapor flow paths (impermea
ble surface covers, for example). A well-documented
demonstration of the effectiveness of soil venting for
the removal of contaminants from low-permeability
soils is also needed. It is clear from the simplistic model
ing results presented in this paper that venting will be
le~s effectiv~ in such situations. Without a comparison
~Ith other Viable treatment alternatives, however, it is
difficult to determine if soil venting would still be the
preferred option in such cases. Other topics for future
studr include: enhanced aerobic biodegradation by soil
ventmg, the possibility of decreasing residual contami
nant levels i~ water-saturated zones by air sparging/
vapor extraction, and optimal operation schemes for
multiple vapor extraction well systems.
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GENERAL INFORMATION:

DREDGE PROJECTS AND THE
401 WATER QUALITY CERTIFICATION REVIEW

Determining whether dredged materials and disposal sites are compatible has usually rested on
gathering sediment samples and performing chemical analyses for each and every dredge project.
An applicant, however, may be able to eliminate some of the chemical analyses by providing
historic, spill and physical information regarding the dredge site and surrounding area. This
information would include, but not necessarily be limited to the following: historic land use
around the dredge site, former sediment analysis, date and volume of material last dredged from
the project area, documentation of any previous spills, and particle size classification and percent
solids from current samples.

Should the above information be insufficient for determining potential contamination, or alterna
tively, point directly to potentially high levels of contamination, then the applicant may be
required to obtain samples for TCLP, total metals, PCB's and TBT's, and other parameters.

To initiate our review, the applicant must submit the following information:

1) A brief narrative of the site and purpose of the project, including the amount proposed
to be dredged and the method of dredging.

2) A brief narrative of proposed di~posal site.

3) Any historical spill or physical information regarding the dredge site and surrounding
area.

4) Calculations verifying the amount of material to be dredged, the dewatering site capacity,
and the disposal site capacity.

5) 8 1/2" x 11" plans drawn to scale showing the following:

o existing and proposed contours of the dredging and disposal sites and cross-sec-
tions;

o location of dewatering area including runoff control measures;
o location of the disposal site and distance from the coastal feature;
o area to be dredged; and
o locus plan of the dredging and disposal sites.

6) A letter from the property owner indicating approval for the disposal of dredged material
on their property. This letter must indicate the approved volume to be accepted.

WQ40IWQC.MST - Rev February 22. 1993



PAGE 2

Please note that the submission of this information often occurs before the Coastal Resources
Management Council (CRMC) accepts an application or a U.S. Army Corps of Engineers
request is obtained. When this happens, this office reviews the project as a "pre-application".
The Department will initiate a "pre-application" review only if the applicant needs our prelimi
nary approval to proceed with an application to ACOE or CRMC. Coordination with the CRMC
and/or ACOE (~ appropriate) is recommended, as a CRMC Public Notice or an ACOE request
is required to formally initiate the 401 Water Quality Certification review process.

Upon receipt of the information described above, we will review the application and inform you
about any further information that must be submitted or testing that must be done. If testing is
required, this office will direct you as to the number of sample cores to take, where to take
them, and what parameters to analyze.

Once all the information has been received, we will determine whether the project complies with
our regulations and notify you about our decision. If the project is unacceptable, we will explain
what our concerns are and discuss actions that can be taken to satisfy these concerns.
Please send the above requested information to my attention at the following address:

Terry]. Walsh
Department of Environmental Management

Division of Water Resources
291 Promenade Street

Providence, RI 02908-5767

Please do not hesitate to call me at 401-277-3961 if you have any questions.

WQ40IWQC.MST· Rev February 22, 1993



BULK SEDIMENT ANALYSIS

INITIAL TEST PARAMETERS ARE THOSE LISTED IN THE LEFT HAND COLUMN OF
THIS WORK SHEET. BASED UPON INITIAL TEST RESULTS SUBMITTED, THE
DEPARTMENT MAY REQUIRE FURTHER PARAMETERS OR DEFINITIVE TESTS.

Area Locatlon:, _

CRMC File No.:, _

Date:"---,-.-------
Reviewer's Initials:'------

Conn. Sediment Class
Sediment Core # Levels

I II III

Sample Depth (Ft)

% Silt/Clay 60 60-90 90

% Solids 60 60-40 40

% Volatile Solids 5 5-10 10

Hexane Sol Fract'n (ppt) 5 5-10 10

Oil & Grease (ppm) >400 ppm = solid waste

PCB (ppm)

Tot. TBT (ppm)

Other

Metals (ppm)

Arsenic (As) 10 10-20 20

Cadmium (Cd) 5 5-10 10

Chromium (Cr) 100 100-300 300

Copper (Cu) 200 200-400 400

Lead (Pb) 100 100-200 200

Mercury (Hg) 0.5 0.5-1.5 1.5

Nickel (Ni) 50 50-100 100

Vanadium (V) 75 75-125 125

Zinc (Zn) 200 200-400 400

Suggested Classification

Comments:

ER COMMENTS:



TCLP TEST:

INITIAL TEST PARAMETERS ARE THOSE LISTED IN THE LEFT HAND--- ---
COLUMN OF THIS WORK SHEET. BASED UPON INITIAL TEST
RESULTS SUBMITTED, THE DEPARTMENT MAY REQUIRE FURTHER
PARAMETERS OR DEFINITIVE TESTES.

Area Location:-------
CRMC File No.:------

Date:----------
---

Reviewer's Initials:------

Sediment Core # Req.
Level

Sample Depth

Contaminant

Arsenic 5.0 (MG/L)

Barium 100.0

Benzene 0.5

Cadmium 1.0

Carbontetraclzloride 0.5
-

Chlordane 0.03

Chlorobenzene 100.0

Chlor%nn 6.0

Chromium 5.0

o-Cresol 200.(1

m-Cresol 200.(1

p-Cresol 200.f!

Cresol 200.ff

2,4-D 10.0

1,4-Diclzlorobenzene 7.5

1,2-Dichloroethane 0.5



1,1-Dichloroethylene 0.7

2,4-Dinitrotoluene - - 0.13

Endrin 0.02

Heptachlor (& its OH") 0.008

Hexachlorobenzene .. - --_.. - ---- . -- - - - 0.13--- -- - ..

Hexachlorobutadiene 0.5

Hexachloroethane 3.0

Lead 5.0

Lindane 0.4

Mercury 0.2

Methoxychlor 10.0

Methylethylketone 200.0

Nitrobenzene 2.0

Pentachlorophenol 100.0

Pyridine 5.0

Selenium 1.0

Silver 5.0

Tetrachloroethylene 0.7

Toxaphene 0.5

Trichloroethylene 0.5

2,4,5-Trichlorophenol 400.0

2,4,6-Trichlorophenol 2.0

2,4,5-TP (Silvex) 1.0

Vinylchloride 0.2

Suggested Classification

Comments:

2Ifo-,m-, and p-Cresol concelllTtJlions cannot be differentiaJed, the to141 cresol (0026) concenrrtJlion is used. The regu1olory level of total
cresol is 200.0 mg/I

OTHER COMMENTS:



APPENDIX E

HEALTH AND SAFETY FORMS
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TRC ACCIDENT REPORT FORM (3 of 3)

FIGURE 5

(CONTINUED)

Was injured using required equipment:

If not, how did actual equipment use differ from plan:

What can be done to prevent a recurrence of this type of accident

(modification of machine; mechanical guards; correct environmental training):

Detailed narrative description (how did accident occur, why; objects,

equipment, tools used; circumstance assigned duties) (be specific):

(Use back of sheet, as required)

Witness of accident:

Signature of Preparer

Signature of Site Leader

TRC



TRe ACCIDENT REPORT FORM (l of 3)

ACCIDENT REPORT Report No.

SITE: PROJECT NO.:

Fire

Other

Disabling

_ Fatality

Preparers Name:

SSN:

Years of Service:

Division/Department:

Accident Category:

Location:

Date of Report:

Name and Address of Injured: Age:

Sex:

Time on Present Job: Title/Classification:

Date of Accident: Time:

Motor V~hicle Property Damage

Chemical Exposure Near Miss

Severity of Injury or Illness: Non-Disabling

Medical Treatment
1>.mount of Damage: $~ __

Estimated Number of Days Away from Job:

Nature of Injury or Illness:

Property Damaged:

CLASSIFICATION OF INJURY:

Fractures

Dislocations

__ Sprains

Abrasions

Lacerations

Punctures

Bites

Heat Burns

Chemical Burns

Radiation Burns

Bruises

Blisters

__' Toxic Respiratory

Exposure

Toxic Ingestion

__ Cold Exposure

Frostbite

Heat Stroke

Heat Exhaustion

Concussion

Faint/Dizziness

__ Toxic Respiratory

Dermal Allergy

Part of Body Affected:

Degree of Disability:

Date Medical Care was Received:

Where Medical Care was Received:

Address (if off-site):

TRC



·~,

•

TRC ACCIDENT REPORT FORM (2 of 3)

FIGURE 5

(CONTINUED)

ACCIDENT LOCATION:

Causative agent most directly related to accident (object, substance,

material, machinery, equipment, conditions):

Was weather a factor:

Unsafe mechanical/physical/environmental condition at time of accident (be

specific) :

Unsafe act by inJured and/or others contributing to the accident (be specific,

must be answered):

Personal factors (improper attitude, lack of knowledge of skill, slow

rea9tion, fatigue):

Level of personal protection 'equipment required in Site Safety Plan:

Modifications:

TRC
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